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Analysis of the Histocompatibility-2 
! Locus in the Mouse? ? 


G. D. Sne.t,*® Priscrtua Smitu, and F. GaBRIEL- 
son,* Roscoe B. Jackson Memorial Laboratory, Bar 
Harbor, Maine 


The histocompatibility-2 (H-2) locus of the mouse is a locus determining 
susceptibility and resistance to tumor (and presumably also normal tissue) 
transplants. The locus lies on the ninth chromosome in close association 
with the genes kinky tail (Ki), fused tail (Fw), and brachyury or short 
tail (7), themselves all closely linked (1). Preliminary crossover tests 
gave 4.1 percent recombination between H-2 and T in heterozygous males, 
and 12.5 percent in heterozygous females (2). 

This linkage has made it possible to analyze the alleles at the H-2 locus 
(3). Five alleles, designated by the symbols H-2*, H-2*, H-2*, H-2, 
and H-2?, have been reported to date (4). The alleles H-2¢ and H-2* 
are of interest in that hybrid mice of the genotype H-2*/H-2* will grow 
strain A (H-2*/H-2*) tumor 15091a (4). 

The distribution of these five alleles in certain inbred strains has been 
} mapped (4), and the two isogenic resistant strains C57BL/6—H-2* and 
: C57BL/10-H-2¢ (5, 6) have been shown to be probably the result of muta- 
tions from H-2° to H-2¢ (7). 

The H-2 locus, besides its effects on transplants, also determines certain 
| red-cell antigens demonstrable through the use of antisera from mice in 

which foreign-strain tumors have regressed (8). 








Materials and Methods 


The inbred strains of mice used were: A, AKR, BALB/c, CBA, C3H, 
| C57BL/6, C57BL/10, C57BR/a, C57BR/ed, C57L, DBA/1, DBA/2, LP, 
P, RIII/Wy, ST, YBL/Rr, and 129/Rr. Some of the animals were bred 
in our own colony, others were kindly contributed by the Inbred Nucleus 
of the Roscoe B. Jackson Memorial Laboratory or by various persons on 


1 Received for publication June 15, 1953. 

2 This investigation was supported by a research grant C-1329 (C2) from the National Cancer Institute of the 
National Institutes of Health, U. S. Public Health Service; by a grant-in-aid from the American Cancer Society 
upon recommendation of the Committee on Growth of the National Research Council; and by a grant to the 
Roscoe B. Jackson Memorial Laboratory from the Anna Fuller Fund. 

* Currently Guggenheim Fellow at the Department of Zoology, University of Texas, while on sabbatical leave 
from the Roscoe B. Jackson Memorial Laboratory. 

4 The authors are greatly indebted to Mrs. Sally Lyman Allen for technical assistance during the early stages of 
this investigation, and for permission to include, in our table 2, data from several tests made by her at the Univer- 
sity of Chicago. 
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the Laboratory staff. Thus more than one substrain was used. Certain 
substrains, e.g. A/L, C57BL/6Ks, RIII/Jax, were found unsuitable in that 
they failed to give 100 percent growth of our standard tumors that had 
originated in ancestral or collateral lines. Cases of this sort can no longer 
be regarded as surprising since the occurrence of several such substrains, 
presumably arising by mutation at a histocompatibility locus, has 
already been demonstrated (5, 6, 9). Such presumed mutant lines were 
rigorously avoided. 

The gene for Ki, Fu or T, used as a marker or tag in each cross, was 
introduced from one of the following strains: 

A-T: This is strain A with the gene T introduced by repeated back- 
crossing. The //-2 allele on the 7 chromosome is H-2%. 

A-H-2°T: Same as A-T except that the H-2 allele associated with T 
is H]-2°, 

T®: The gene T associated with H-2°, as in A-H-2°T, but not on an 
inbred background. 

F*: The gene Fu associated with H-2% [(4)—note that allele H-2% 
was previously called H-2]. This stock was kindly provided by Dr. L. C. 
Dunn. 

F*; The gene Fu associated with an H-2 allele known to be not H-2% 
but otherwise unidentified (4). 

KS: Stock carrying Ki. The H-2 allele on the Ki chromosome has 
previously been identified as [/-2* (4). 

K9: Ki stock closely related to KS but carrying a different H-2 allele. 
KS8 and K9 are derived from mice kindly provided by Dr. L. C. Dunn. 

The transplantable tumors employed, with basic facts as to their origin 
and histologic type, are listed in table 1. Further details in regard to 
these tumors will be found in the survey by Dunham and Stewart (10). 

Two methods were used for identification of H-2 alleles: 


I. The Linkage Test 


The cross used had the form (M x T) X N, where M and N are any 
two inbred strains and T is one of the strains carrying T (or Fu or Ki). 
The offspring from this double cross were inoculated with a tumor native 
to the strain in the M position. 

If H-2” is the H-2 allele carried by strain M, and if + stands for the 
normal allele of gene 7, then the final cross can have any one of five forms, 
as follows: 

1) H-2"+/H-2"T « H-2"+/H-2"+, where strains T and N both have 
the same H-2 allele as strain M. Since all offspring from this cross carry 
allele H-2", characteristic of the tumor donor, they are all susceptible 
so far as the H-2 locus is concerned. Hence, barring a second histocom- 
patibility locus on this same chromosome, there will be no evidence of link- 
age between the JT locus and susceptibility. If other histocompatibility 
genes are segregating there may be some resistant animals, but they will 
be equally distributed among the normal-tail (+) and short-tail (7) 
classes, 
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2) H-2"4+-/H-2?T <x H-2"-+-/H-2"-+-, where strains M and N have the 
same H-2 allele but strain 7 has a different allele. Again all offspring will 
carry H-2", though some will be heterozygous (H-27/H-2"). However, 
since susceptibility is dominant, all will be susceptible, at least so far as 
this one locus is concerned. Hence there can be no evidence of linkage. 

If it is known from prior tests (see crosses 4 and 5 below) that strains 
M and T in a given cross carry different H-2 alleles, the absence of linkage 
in this cross provides evidence that we are dealing with a type 2 cross. 
In other words if strains M and T earry different H-2 alleles, and no linkage 
is manifest, then strains M and N probably carry the same H-2 allele. 
Possible exceptions are discussed below. 

3) H-2"+/H-2"T < H-2"+/H-2"+, where strains M and T have the 
same H-2 allele, but strain N has a different allele. Again all offspring 
will carry H-2” and there will be no evidence of linkage. 

If it is known from prior tests (see crosses 4 and 5 below) that M and N 
carry different H-2 alleles, the absence of linkage then provides evidence 
that M and T carry the same H-2 allele. Possible exceptions are discussed 
below. 

4) H-2"+/H-2"T < H-2"+-/H-2"+, where strains T and N carry an 
allele H-2" distinct from the allele in strain M. 

5) H-2"+/H-27?T « H-2"+/H-2"+-, where each of strains M, T, and N 
carries its own distinct allele. 

Crosses 4 and 5 will produce both mice with H-2" and mice without 
H-2™, the ratio of the two types being 1:1. The former, since they share 
the gene H-2" with the tumor donor, will be genetically susceptible; the 
latter will be resistant. Except for crossovers, the former will be normal- 
tailed (+), the latter short-tailed (7). Hence linkage between suscepti- 
bility and the T locus will be manifest. There are, however, influences 
operative in certain crosses that may in rare instances obscure the linkage, 
leading to the false conclusion that strains M and T or M and N in the 
cross in question carry the same allele, when actually they carry different 
alleles. These influences will be discussed in detail later. Meanwhile we 
may state the two following theorems: 

(a) The occurrence of linkage proves that strains T and N carry an 
H-2 allele (or alleles) different from that in strain M. 

(6) The absence of linkage establishes a presumption but does not 
prove beyond question that strains M and T and/or M and N earry the 
same H-2 allele. 

These are the basic theorems on which the determination of alleles by 
the linkage method are based. 


II. The Component Test 


This test consists of crossing two strains and inoculating the F, hybrid 
with strain A tumor 15091a. 

All tumor inoculations were made subcutaneously on the right side by 
trocar. Tumors were palpated once a week, usually beginning 1 to 3 
weeks after inoculation. A record of tumor growth was made by making a 
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drawing of small tumors, and by entering a number based on an arbitrarily 
selected number system to indicate the size of larger tumors. Mice were 
killed only after they had been negative for 3 or more weeks. In the final 
tabulations, mice were scored as positive (+) if they died from progressive 
tumor growth, as negative (—) if they survived. Many of the mice 
scored as negative had had tumors which regressed. 

The tails of the mice were scored as + or T (or Fu or Ki) at weaning. 
A few animals with doubtful tails were scored as T? or Fu?. These were 
omitted in the final tabulations. Occasionally, mice with normal tails 
or doubtful tails were tested genetically, and in a few instances proved to 
be genetically Fu or T (so-called “‘normal overlaps’’). 


Results 
I. The Linkage Test 


Linkage crosses were set up using many different combinations of stocks 
The results from 101 of the crosses are entered in table 2. (One entry in 
this table is the sum of two crosses, bringing the total number of entries 
or cases to 102.) Results from 6 of the crosses (cases 1, 2, 3, 35, 68, 69) 
have been previously. published. A condensed summary of the data 
together with a summary of certain data previously published (3, 7) 
are given in table 3. 

For convenience of reference, a case number has been assigned to each 
cross in table 2. This is given in column 1 of the table. Column 2 shows 
the three stocks used in any given cross. The offspring of the double cross 
were ip every case inoculated with a tumor native to the first of the 
three stocks. 

Columns 3, 4, 5, and 6 show the number of mice in each of the four 
classes: normal-tail susceptible (+), normal-tail resistant (—), short-tail 
(T, Fu, or Ki) susceptible, and short-tail resistant. The second and third* 
classes are the crossover classes, hence deficiency in these classes indicates 
linkage. 

Column 7 shows the recombination percent plus or minus its standard 
error (calculated from the formula Vpq/n, where p=%, g='4). We use 
the term “recombination”? percent rather than ‘crossover’ percent 
because, as we shall point out later, a good many animals falling in these 
classes are not true crossovers. If the percent of animals dying from the 
tumors is less than 21, column 7 shows, instead of the recombination 
percent, the entry “% + <21.”’ The occurrence of so few positives 
obscures any linkage that may exist, rendering the data of little value for 
linkage calculations. When the percent dying is greater than 95, the entry 
is “% + >95.” 

Column 8 shows the conclusion drawn from each cross. We start by 
arbitrarily assigning a symbol to the H-2 allele in one stock, i.e. strain A 
in case 1. 

Originally (3, 4) we assigned to the allele in strain A the symbol H-2, 
but for reasons that will be apparent later we have now changed this to 
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H-2*, The first cross (case 1, table 2) tests strain DBA/2 against strain A. 
Since there is linkage, we conclude that strain DBA/2 is not H-2*, and 
assign to its H-2 allele the symbol H-2*. Strain DBA/2 may therefore be 
regarded as the type strain for allele H-2*. Stocks whose tests against each 
other show no linkage, and which are therefore presumed to carry the 
same H-2 allele, are grouped together. Thus cases 1, 2, and 3 test strains 
DBA/2 and BALB/c, which both belong to the H-2 allelic group. As the 
table progresses, any strain to be established as carrying a new allele must 
be tested against one or more strains from each allelic group previously 
established and must show linkage in these tests. Thus 10 crosses (cases 
93 to 102 inclusive) were used to prove that strain RIII/Wy does not have 
any one of seven previously identified alleles, and can therefore be classified 
as having a new allele, H-2’. 

In order to insure consistency in the few borderline cases, a set of rules 
was drawn up to govern the conclusion drawn from each type of result. 
These rules are given in appendix 1. 

In discussing the evidence, it will be convenient to divide the crosses 
into three groups: A. Those showing no evidence of linkage; B. those 
showing clear evidence of linkage ; C. those in which the result is ambiguous 
or uncertain. 

A. Crosses Showing No Evidence of Linkage-—These are the crosses 
taken as evidence that the two strains under test carry the same H-2 allele. 
Twenty-five crosses fall in this category. In some cases (e.g. case 3, DBA/2 
tested against BALB/c) all mice succumbed to the tumor. These cases 
are valid evidence that the two strains being tested carry the same H-2 
allele only if it is assumed that a tumor bearing one allele will not grow, 
or will grow only infrequently, in a strain earrying another. That this 
assumption is justified, is indicated by the, consistency of various check 
tests to be described below. 

In a more numerous group of cases there were some survivors, but more 
than 46 percent (and usually more than 5® percent) crossing over. An 
example is case 26, C3H tested against ST, which gave a ratio of 16:7:15:4, 
or 73.8 percent mortality and 52.4 percent crossing over. A few cases 
(e.g. case 19, C3H tested against C57BR/cd, ratio 12:40:6:27) gave 
considerably less than 50 percent mortality. 

The validity of the interpretation that absence of linkage establishes thee 
occurrence of the same allele in two strains is indicated by the consistency 
of the results. There are four types of checks: 

1) Two strains can be tested against each other in two ways, first with 
one as tumor donor, then with the other as tumor donor. The results 
are always consistent. Thus C57BL/6 tested against LP with C57BL/6 
as the donor gave 11:5:11:0, and with LP as the tumor donor, 7:14:4:5. 
In both cases there is more than 50 percent recombination. 

2) Where there are more than two strains in an allelic group, they can 
be tested against each other in a variety of combinations. Again the 
results, with rare exceptions to be pointed out later, are always consistent. 
Thus the 6 strains in the H-2° group were tested in the following combina- 
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tions, and always gave either 100 percent mortality (3 cases) or more 
than 46 percent crossing over (10 cases): C57BL/10 against C57BL/6, 
C57BL/6 against C57L, C57L against C57BL/10, C57BL/6 against LP, 
LP against C57BL/6, C57BL/10 against LP, C57L against LP, LP 
against C57L, C57BL/10 against 129/Rr, C57L against 129/Rr, C57BL/6 
against A-H-2°T (made with two different stocks in the third position), 
C57L against A~H-2°T (tumor donor named first in every case). Other 
examples of intragroup consistency in tests involving H-2¢ have been 
reported in other papers (3, 7). 
3) With three exceptions (cases 32, 33, and 53) discussed further below, 
eno strains in one allelic group have ever failed to show linkage with all 
strains in any other allelic group, wherever tests have been made. Thus 
in the case of the H-2¢ and the H-2* groups the following cross tests were 
made and showed linkage in every case: BALB/c against C57BR/a, 
BALB/c against C57BR/ed, CBA against DBA/2, DBA/2 against ST, 
BALB/c against ST. 

The consistency with which linkage occurs in tests between allelic 
groups, and fails to occur in tests within an allelic group, is easily visualized 
from the condensed summary in table 3. Note how the results of intra- 
allelic tests (figures in italics) all show a recombination percent of 47 or 

egreater. Note also that cases with mortality exceeding 95 percent 
(indicated by plus signs), all fall in these same groups. 

4) The component test, discussed below, has given completely consistent 
results in determinations based on the complementary nature of groups 
H-2¢ and H-2*. 

B. Crosses Showing Clear Evidence of Linkage.—There are 65 cases in 
ethis category, with recombination percents ranging from 0 to 37.7. A 
test of significance shows a P value of less than 0.01 for 61 of these; for the 
remaining 4 the value falls between 0.01 and 0.05. For the former group 
we may conclude that the occurrence of different H-2 alleles in the two 
stocks under test is proved beyond reasonable question. The conclusion is 
the same, but a little less firmly established, for the latter four. 

Since the incidence of crossing over between JT and H-2 is in the order 
of 5 to 10 percent, the occurrence of recombination values up to 37.7 
percent requires explanation. This point is discussed under C. 

C. Crosses Giving Ambiguous or Uncertain Results —These include 
crosses in which the percentage of mice dying from the tumors was less 
than 21 (cases 31, 43, 54, 61, 64, 89, 93, 98), crosses in which the recombina- 
tion percent suggests linkage but in which the departure from 50 percent 
recombination is not significant (cases 6, 15, 34, 75, 99), and crosses which 
lead to a conclusion in conflict with the conclusion indicated by some other 
cross or crosses (cases 32, 33, 53). It will be convenient to discuss these in 
terms of the different factors that can lead to distortion of or vagueness 
in the results. 

1) Normal overlapping of Fu and T.—It is well established that mice 
genetically Fw not infrequently have normal tails (17). Such animals are 
called normal overlaps. The frequency of this phenomenon is much higher 
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in crosses involving certain strains than it is in others (Mrs. Sally Lyman 
Allen, unpublished data). It also occurs, though less commonly, with 7, 
the genetic background again being an important factor. Strain AKR 
genes are particularly favorable to the expression of the two tail charac- 
ters, strain C57BR/a and probably strain YBL genes particularly un- 
favorable (Allen and Snell, unpublished data). In cases 1, 4, 8, 27, 36, and 
51 (table 2), some survivors with normal or questionable tails were mated 
to strain AKR as a means of determining their actual genotype. Of 7 such 
animals from crosses involving Fu, 3 were found to be genetically normal, 
4 genetically Fu. In the one cross involving T (case 4, A tested against 
YBL), 3 out of 3 animals were proved to be T. Undoubtedly many more 
such cases would have been found had more animals been tested. 

Since the normal overlaps usually fall in a crossover class, the net 
effect of such cases is to increase the apparent recombination percent. 

2) Differential mortality.—It is well known that in a segregating gener- 
ation, mortality is frequently higher among individuals of the mutant 
genotypes than among their normal sibs. Among the mutant genes 
used in our crosses, Ki is probably particularly subject to this effect. 
The ratio of 14 Ki to 28 normal-tailed mice obtained in‘,cross 34 may 
be a manifestation of this differential mortality. 

3) The occurrence of false positives.—It is well known that certaia trans- 
plantable tumors, particularly old and virulent ® ones which have been 
carried through many transplant generations, will occasionally grow in 
foreign-strain and hence presumably resistant animals. Numerous 
examples of this are given in the accompanying paper by Snell, Russell, 
Fekete, and Smith (12). There is good reason to suppose that a similar 
phenomenon has occurred in many of the linkage crosses listed in table 2. 
Thus case 47, C57BR/ed tested against C57L with a resulting ratio of 
32:5:13:19, shows 45 positives to 24 negatives. This is greatly in excess 
of the expected 50 percent. Such cases have led us to coin the term 
false positives, defined as animals which are genetically resistant but which 
nevertheless succumb to progressive tumor growth. As we shall point 
out below, the incidence of false positives is probably, in part at least, 
a function of the tumor employed. 

False negatives may also occur. MacDowell and Richter (13) raised 
50 backcross mice from a cross that typically gave an approximation to a 
one-factor ratio and tested them genetically for susceptibility and resist- 
ance before inoculating the backcross mice themselves. Twenty-five 
mice—exactly half the group—bred like susceptibles, but only 17 of these 
succumbed to the tumor. The remaining § fell in the class that we would 
call false negatives. 

To what extent the occurrence of false negatives is determined by 
environmental factors and to what extent by genetic factors is still an 


5 “Virulence” as applied to transplantable tumors is a term implying differences of degree. Several measures 
are possible, e.g. rate of growth in the native strain, capacity to grow in foreign strains, number of “factors” required 
for growth in hybrid generations (/4), tendency to metastasize. There is probably some correlation between 
these different measures. As used in this and the two accompanying papers, the term connotes principally the 
first three qualities, 
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unanswered question, but modifying genes or minor histocompatibility 
genes almost certainly play a part. Probably no sharp line can be drawn 
between crosses giving false negatives and crosses giving two-factor ratios 
(see section 4 below). 

The occurrence of false positives and false negatives, like the occurrence 
of normal overlaps, tends to raise the recombination percent to a value 
higher than that expected from genetic crossing over alone. 

4) The segregation of histocompatibility genes other than H-2.—The H-2 

elocus is only one of many histocompatibility loci (14, 15). Most crosses 

of the type used in the present tests probably segregate for 4 or 5 or more 
such loci. How many of these express themselves in a given cross is a 
function, among other things, of the tumor inoculated. The typical ratio, 
where one gene is acting, is 50 percent deaths to 50 percent recoveries; 
for two genes, 25:75; for three genes, 12.5:87.5. 

An analysis of the frequeney with which different percentages of 
mortality occurred among the 101 crosses of table 2 is presented in table 4. 
The first two rows of data show the results, respectively, for crosses that 
produced fewer than 35 mice, and for crosses that produced 35 or more 
mice. In general, the former were crosses that gave clear results and 
were therefore terminated after 25 to 35 animals had been raised; the 
latter were crosses whose significance could only be determined witb 
larger numbers. 

It will be seen that the first group has a clear mode in the 45.9 to 54.1 
percent mortality range. The ratio for many of these crosses is a good 
approximation to the 50:50 ratio expected in a one-factor cross. There 
are also a few crosses which gave so few deaths from tumor inoculation as 
to be valueless and which were dropped early on that account, and 6 
crosses (all intra-allelic tests) giving 95.7 to 100 percent mortality. 

The second group, 35 or more mice per test,’’ has a mode at 54.2 to 
62.4 percent mortality, and a second one at 12.7 to 29.2. The former 
group probably represents single-factor crosses distorted by the occurrence 
of ‘‘false positives,’ and the latter probably represents crosses segregating 
for 2 or more histocompatibility loci. 

Line 3, “crosses not segregating at the H-2 locus,” is notable for the 
absence of any mode near the 50 percent level. Evidently in no case in 
these crosses was a single gene segregating whose presence or absence was 
the determining factor in susceptibility or resistance. There is, however, 
a possible mode at 21.0 to 29.2 percent, indicating that in certain cases 
susceptibility and resistance may have been determined by the joint action 
of two factors. 

The fourth line, showing crosses which were segregating at the H-2 locus, 
serves to emphasize the mode at the 50 percent level in these cases, but 
again there is a lower mode at 12.7 to 20.9 percent. 

The significance of the different ratios obtained is discussed further in 
the next section. Suffice it to point out here that good two-factor ratios 
were notable by their absence. The expected ratio with two histo- 
compatibility genes segregating, one of which is linked with short tail 
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with 5 percent crossing over, is 19:21:1:39. In an accompanying paper 
(7), Snell and Borges report approximations to this ratio in tests similar to 
those reported here, but none are to be found in the present group of tests. 

While there were no clear two-factor ratios, some tumors did give 
significantly less than 50 percent mortality in some crosses, indicating 
that more than one histocompatibility gene was acting. Possible differ- 
ences between the tumors in this respect can be seen by reference to the 
last column of table 1, which gives the ‘‘fraction of crosses giving percent 
+ >37.5.” It will be seen that tumors 15091a, 5653, S636, S629, and 
S620 gave more than 37.5 percent deaths in all crosses. These are con- 
sistently one-factor tumors. At the other extreme, tumor D22 gave 
more than 37.5 percent deaths in only 1 of 4 crosses. This means that in 
at least 3 crosses more than one histocompatibility gene was acting to 
influence the growth of this tumor. However, as the next section will 
help to emphasize, we do not mean to imply that there was necessarily a 
sharp correspondence between the presence or absence of histocompati- 
bility genes other than H-2 and the growth or failure to grow of the tumor. 

5) The role of the tumor in disturbed ratios.—If a) a cross is segregating 
for H-2, if 6) no other histocompatibility gene is acting, and if c) the 
crossover value between H-2 and T is 5 percent, then the expected ratio is: 





normal tail short tail 
+ ae + al 
19 1 1 19 
or with 10 percent crossing over: 
9 1 1 9 


It became apparent early in the linkage tests that certain tumors gave 
ratios closer to the above than did others, and that this difference between 
tumors was not merely a matter of certain tumors behaving as two-factor 
or three-factor tumors. 

To get a numerical measure of this difference between tumors, we have 
calculated for each tumor a combined crossover percent for all crosses 
where linkage should be clearly manifest. The proviso that linkage should 
be clearly manifest rules out a) crosses not segregating at the H-2 locus, 
b) crosses not segregating for major H-2 differences (see below), and c) 
crosses in which fewer than 37.5 percent of the mice were positive and in 
which, therefore, some one or more histocompatibility loci in addition to 
H-2 were presumably active. The results are given in table 1, column 6. 
The calculated crossover percents range from 12.1 for strain P tumor 
S637, to 47.3 for strain LP tumor D22. The former value is a good 
approximation to the theoretical crossover percent. Any excess in the 
recombination class can probably be entirely or almost entirely accounted 
for by the occurrence of normal overlaps among genetically Fu (or T) mice. 
The latter value, 47.3 for tumor D22, obviously constitutes a major dis- 
crepancy. 

A search for factors to account for the aberrant results given by a few 
of the tumors reveals a correlation between such results and the tendency 
of tumors to give or not to give regressions. 
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Since the size of all tumor transplants was scored weekly, beginning one 
to three weeks after inoculation, we have available data on regressions 
which can be treated in two ways, as follows. 

(a) The tumors can be classified according to the maximum size attained 
by the transplants prior to regression. Column 7 of table 1 gives, in 
terms of our arbitrary grading system, the largest size recorded for each 
tumor among mice where regression rather than progressive growth was 
the ultimate fate of the transplant. The values range from 7.5 for tumor 
S637 to 0 for tumor S620. A tumor of grade 7.5 is a very large tumor, 
probably something in the order of 10 cc. in volume. 

(b) Each mouse that survived can be classed as either negative at all 
checks, or as showing a tumor that regressed. We can then calculate for 
each tumor the percent of regressions that occurred among surviving mice. 
This value is given in table 1, column 8, for each of the 16 tumors. Un- 
doubtedly more regressions would have been detected and the values in 
column 7 correspondingly increased had all mice been observed as early 
as the first week after tumor inoculation, but there is no reason to suppose 
that the data as they stand are biased in favor of any one tumor. The 
values range from 73 percent regressions for tumor S621 to 0 percent 
regressions for tumor S620. 

The records of tumor size were made primarily as a check on whether 
each death among inoculated animals was due to progressive tumor 
growth, or to disease or some accidental cause. Some indication as to 
whether the data are sufficiently accurate to use as a measure of certain 
inherent properties of the tumor can be obtained by calculating the cor- 
relation between the two sets of values defined above and given in table 
1, columns 7 and 8 respectively. Such calculation shows that these two 
measures of the tendency of each tumor to give regressions are highly 
correlated, with r=.83. This is evidence that these two values measure 
some real property of the tumors. 

These two values (table 1, columns 7 and 8) in turn are negatively 
correlated with the recombination percent (column 6) for each tumor. 
For the maximum size, r= —.64. This value is probably partly spurious, 
since the “‘good”’ tumors were used in more crosses than the “poor’’ ones, 
thereby increasing the chance of finding the infrequent cases in which 
unusually large tumors regressed. A correlation not subject to this ob- 
jection was obtained by using for maximum size for each tumor an average 
of the maximum grade recorded for each cross (data not given). The 
correlation calculated with these values is r=—.37. For percent regres- 
sions among negative mice, r= —.59. 

A “median survival time’’ was also calculated for each tumor (table 1, 
column 9). This was obtained by averaging for each cross the number 
of days between inoculation and death for mice that died from the tumor, 
and then, for each tumor, selecting the median value for all crosses in 
which the tumor was used. This value shows a correlation of 0.53 with 
the recombination percent. 

These correlations provide evidence for the following generalizations. 
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Certain tumors, when used to inoculate mice of a segregating generation, 
give ratios indicative of almost complete concomitance between histo- 
compatibility phenotype, as measured by positive or negative outcome 
of the graft, and histocompatibility genotype. These are “good” tumors 
for genetic studies. Among the tumors we used, $8637, C954, P1534, 
15091a, $653, 5621, and C1498 fall in this category. 6C3HED is probably 
also a “‘good’’ tumor, but gave only about 21 percent positives in the two 
crosses in which it was used where H-2 was segregating, indicating the 
concurrent action of other genes. 

Other tumors fail to produce a close concomitance between histo- 
compatibility phenotype and genotype. Or stated in another way, they 
give numerous “false positives’ and “false negatives.”” Tumors D1905, 
$629, S674, and especially S620 and D22, fall in this category. Inter- 
mediate in its behavior is tumor dbrB. Tumor 8636 (C57BR/a origin) 
gave a recombination percent of 26.8, but is possibly a “better” tumor 
than this value would indicate since much of the disturbance here may 
be due to the tendency toward normal overlapping of T and Fu on a 
C57BR/a background (note, for example, the deficiency of short-tailed 
mice in cases 10, 34, and 97). Except for case 97, however, this tumor 
consistently killed more than 50 percent of the mice. 

Tumors that tend to produce regressions are, in general, desirable 
tumors for genetic studies. With these tumors, histocompatibility 
phenotype and histocompatibility genotype show a sharp correspondence. 
Notable in this respect are strain P tumor $637 and strain BALB/c tumor 
$621, both of which gave not only many regressions but also frequent 
instances of rather large growths that regressed. 

At the other extreme is CBA tumor S620, which gave no regressions 
whatsoever. With this tumor, once growth started it proceeded slowly 
but inevitably to the death of the host. This was almost if not quite the 
“worst”? tumor genetically. The results obtained with LP tumor D22 
are discussed in section IIT. 

The relation between the occurrence of regressions and the genetic 
behavior of a tumor indicated by columns 6, 7, and 8 of table 1 is perhaps 
not surprising. The regression of large growths may be taken to indicate 
a sensitivity to those mechanisms within the host which resist foreign 
tissue grafts. 

It is interesting to inquire whether there is any correlation between the 
histologic type of a tumor and its behavior in genetic tests. The two 
leukemias and the one histologically related lymphosarcoma used in these 
tests are all “good” tumors. It is noteworthy that with one of these 
leukemias, C1498, Borges and Kvedar (5), in extensive tests, obtained 
genetic ratios very close to the theoretical expectations. Aside from this 
possible significance of the leukemias and the lymphosarcoma, our data 
do not give any clues as to the significance of histologic type. 

The significance of the correlation between recombination percent and 
median survival time is not entirely clear. In part it is due to the fact 
that the leukemias that stand high on the list as ‘‘good’’ tumors are also 
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the most rapidly growing tumors. We have pointed out previously 
(3, 8) that genetically resistant animals that succumb to the tumor (false 
positives) sometimes survive longer than genetically susceptible animals. 
Also interesting in this connection is the observation of Klein (16) that 
rapidly growing tumors with a low median survival time are more apt 
to prove convertible to the ascites form than slowly growing tumors with 
a high median survival time. Can this mean that ascites tumors should 
be good genetic tumors? 

6) The effect of weak H-2 differences——Cases 5, 6, and 30 (table 2) 
constitute a special class. Case 5, YBL/Rr tested against BALB/c (mice 
inoculated with BALB/c tumor S621), gave 36.2+6.6 percent recombi- 
nation, 69.0 percent positives, and 56.9 percent short tail. Case 6, 
YBL/Rr tested against DBA/2 (mice inoculated with DBA/2 tumor 
P1534), gave 38.9+5.9 recombination, 70.8 percent positives, and 37.5 
percent short tail. Case 30, AKR tested against C57BR/a (mice inocu- 
lated with C57BR/a tumor S636), gave 28.7+5.0 percent recombination, 
70.3 percent positives, and 44.5 percent short tail. 

In all these three cases the recombination percent is less than 50. 
It is significantly less for case 30, and for the combined results of cases 
5 plus 6. The combination is legitimate here since, though these crosses 
involve different tumor-donating stocks, they both test YBL/Rr against 
allele H-2¢. 

The recombination value for each of the three crosses, while less than 
50 percent, is significantly greater than 10 to 12 percent, the maximum 
expected as the result of crossing over alone. This situation requires 
explanation. 

Pertinent here also are cases 32 and 33 which, like case 30, test strain 
AKR against strains belonging to the H-2* group. Whereas case 30, 
since it shows linkage, puts strain AKR out of the H-2* group, cases 32 
and 33 show no linkage and therefore put strain AKR in the H-2* group. 
There is an apparent conflict in the evidence. 

The component test, described in a later section of this paper, puts 
strain AKR in the H-2* group, thereby again conflicting with the evidence 
from case 30. 

The anomalous recombination values found in cases 5, 6, and 30 are 
evidently not due to histocompatibility genes besides H-2 acting to give 
two-factor ratios. The percent mortality expected with two factors is 
25, whereas in all these crosses the percent actually ran closer to 70. 
The values are not due to normal overlaps at the T locus. There is a 
probably significant deficit of short-tail mice in cross 6, but hardly enough 
in itself to cause the observed distortion of the ratio. The proportion of 
T mice in the other two crosses is a good approximation to the expected 
50 percent. The anomalous values for cases 5 and 6, at least, are not 
due to the poor discrimination of histocompatibility genotype that 
appears when a “‘poor” tumor is used. S621 and P1534 are both “good” 
tumors. The status of S636, used in cross 30 (strain AKR tested against 
C57BR/a, allele H-2*), is somewhat uncertain. However, we are here 
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faced with the fact that cases 32 and 33, which test AKR against CBA 
and C3H (both allele H-2*), show no linkage, so the surprising thing is 
not that case 30 fails to show a close linkage, but that it shows any linkage 
at all. 

Having ruled out two-factor ratios, normal overlaps of 7, and the action 
of “‘poor’”’ tumors as explanations of the high recombination values found 
in cases 5, 6, and 30, two possible explanations would appear to remain. 

The first is that these crosses are not segregating for H-2 but for some 
other locus, also on chromosome 9 but approximately 30 crossover units 
from 7 instead of 5 to 10 units. This explanation cannot be entirely 
ruled out at the present time, but it does not fit the available facts as well 
as a second alternative. For one thing, if such a locus existed, anomalous 
linkage ratios would be likely to appear much more frequently than they 
do. 

The second alternative is that the H-2 allele carried by strain YBL/Rr 
differs from H-2¢ (the allele in BALB/c and DBA/2), and that the allele in 
strain AKR differs from H-2* (the allele in C57BR/a), but that the dif- 
ferences are minor ones, appropriately indicated by assigning the symbols 
H-2” and H-2*’ respectively. The tumor graft thus does not differentiate 
consistently between mice of the genotypes H-2* and H-2” or H-2* and 
H-2*’, with a resulting distortion of the recombination fraction. In cer- 
tain crosses and with certain tumors (e.g. cases 32 and 33), the distinction 
may be lost altogether. 

As we shall point out below, alternative two receives considerable sup- 
port from the component tests. 


II. The Component Test 


The component test consists of crossing two strains and inoculating the 
F, hybrid with strain A tumor 15091la. Growth is expected to occur if, 
and only if, one of the parent strains is H-2*, the other H-2* (4). 

The results of inoculating F, hybrids from 28 crosses are shown in table 5. 
The first 9 crosses, involving 8 different inbred strains, are of the type 
H-2¢ X H-2*. It should be emphasized here that the initial classification 
of all strains is based on the linkage test. Of 189 tested F; hybrids, 188 
succumbed to the tumor and 1 was negative. There is essentially com- 
plete agreement between the results of the linkage test and the component 
test. 

The next cross is between strains YBL/Rr (H-2”) and C57BR/cd 
(H-2*). Of 20 F, hybrids, 18 succumbed and 2 survived. It would 
seem legitimate to interpret this result as confirming the conclusion 
drawn from the linkage test that the allele in strain YBL/Rr is similar 
to but not identical with H-2*. 

The next 18 crosses involve 16 inbred strains and were made in a 
variety of combinations, excluding only the one combination H-2* x H-2*. 
Of 302 F, hybrids, 51 succumbed to the tumor and 251 survived, the 
percent susceptible ranging from 0 for five of the crosses to 54 for the 
cross C57BR/a * DBA/1. Three of the 5 highest incidences of death 
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TABLE 5.—Data showing the susceptibility of mice of the genotype H-24/H-2* to strain A 
tumor 15091a (H-24*/H-24*), and the resistance of mice of other genotypes. Suscepti- 
bility to tumor growth indicated by + (mouse died of tumor), resistance by —. 





























No. of || No. of 
mice | mice 
Cross Genotype ! Cross Genotype 
\ | 

a the | | + 
BALB/c X C57BR/a.| H-24/H-2* \17 | 0 || BALB/c X YBL/Rr.| H-2¢/H-24’| 0 | 13 
“  X Cd57BR/cd - 15 | 1 wa < H-24/H-2? | 1} 11 
~ MM Se es 23 25 | O || “ xX DBA/1...| H-24/H-2e | 2 | 15 
eS 6% Raw sies - 20 | 0 | “  X RIII/Wy .| H-2¢/H-2" | 0 2 
ae | eee 30 | 0 || DBA/2 X DBA/1...| H-24/H-2¢ | 1 | 10 
DBA/2 X CBA..... és 9|0 | AKR X Cd7BL/6. .| H-2*’/H-2°| 0 | 20 
sae <r ~ ite Cee KX “i cceces. H-2*/H-2> | 2 9 
BALB/c X AKR....| H-2¢/H-2*"25|0 || “ XCB57L...... - 3 7 
DBA/2 X AKR..... ‘3 31|};0/)|| “ X Cd7BR/a..| H-2*/H-2* | 2 8 
YBL/RrX C57BR/ed.| H-22’/H-2* 18 | 2 a RRO H-2'/H-2>? | 2 | 11 
“« xX DBA/1....| H-2*/H-2¢ | 5 | 23 
C3H XST........| H-2*/H-2* | 3 | 16 
BALB/c X C57BL/6.| H-24/H-2» | 1 |22 “ XX RIII/Wy..| H-2*/H-2" | 0 | 12 
a aS Hs 0 | 3 || C57BR/a X DBA/1.| H-2*/H-2¢ |14 | 12 
“ 6X 120/Rr... " 6 |17 || C57BR/ed X “... - | 91] 10 











occurred in crosses involving DBA/1 as one parent and an H-2* line as 
the other. Possibly this means that the allele in strain DBA/1 is akin 
to H-2*. On the other hand it has been pointed out that this strain 
shows a unique susceptibility to tumor transplants in general (12). 

The 51 positive animals from these 18 crosses must be classed as “false 
positives.” They do not constitute a major exception to the rule that 
F, hybrids not H-2*/H-2* will not grow strain A tumor 15091la. Again 
the component test completely confirms the linkage test. 


IIT. Inconsistencies in the Data 


The one major inconsistency is case 53, strain LP tested against strain 
C57BR/a, with LP the tumor donor. No linkage was evident here 
(recombination percent 47.4+6.6), pointing to the conclusion that LP 
and C57BR/a carry the same H-2 allele. However, the reciprocal cross 
(LP tested against C57BR/a, C57BR/a the tumor donor, case 52, table 
2) gave a recombination value of 27.4+6.4. For reasons already pointed 
out, a significant linkage carries more weight than absence of linkage. 
We may therefore conclude that strain LP does not carry allele H-2*. 
This is confirmed by cases 55, 56, 57, 58, and 59, which all agree in putting 
strain LP in group H-2”. 

The inconsistency in this case can be attributed to the fact that LP 
tumor D22 is a “poor” tumor, and also in part perhaps to a large number 
of T overlaps (tail ratio, 37 normal tail to 20 short tail) occasioned by the 
presence of C57BR/a genes. 

Other inconsistencies involve the H-2* and H-2* strains. Case 30 
(AKR tested against C57BR/a, 28.7+5.0 percent recombination) 
proves that strain AKR does not have the allele H-2* carried by strain 
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C57BR/a, and hence can be assigned the allelic symbol H-2*’. However, 
cases 32 and 33, AKR tested against CBA and C3H respectively, gave 
results which would put AKR in the H-2* group. 

It is clear from case 30 that strains C57BR/a and AKR do not carry 
identical alleles. Beyond this we cannot go at the present time. An 
examination of table 3 shows that it is essentially as consistent to put 
strain C57BR/a, and perhaps also the related strain C57BR/cd, in one 
group, and CBA, C3H, and perhaps ST along with AKR in the other, as 
to make the alternative grouping indicated in the table. 

The original H-2* allele was identified in line K8 (4), a noninbred line 
carrying kinky tail. A test of K8 against C57BR/a (case 34) gave 35.7 
+ 7.7 percent recombination. This indicates that the allele in C57BR/a 
may not be identical with the original H-2* allele. However, since line 
K8 has been dropped, it would seem advisable from now on to treat 
strain C57BR/a as the type strain for this allele. 

In a few cases the type strain of a new allelic group was not tested 
against YBL/Rr (the type strain for allele H-2%) or AKR (the type strain 
for allele H-2*’). Specifically, strains C57BL/6 and AKR were not 
tested against YBL/Rr, and RIII/Wy was not tested against AKR. 
Also DBA/1 gave ambiguous results with AKR due to the large number 
of negatives. However, strain C57BL/10 (closely related to C57BL/6) 
was tested against YBL/Rr and gave clear linkage. Also, both linkage 
tests and component tests were so clear in placing C57BL/6 outside the 
H-2* group and AKR in the H-2* group that it seems most unlikely that 
either is H-2%, and they so clearly placed RIII/Wy and DBA/1 outside 
the H-2* group that it seems most unlikely that either is H-2*’. 


Discussion 


An interesting point brought out by this study is the absence of any 
complete recessive among the alleles at the H-2 locus. As pointed out 
elsewhere (3) this finding, while contrary to the classical theory of trans- 
plantation (14), is in accord with experience with blood groups. 

There is no reason to suppose that the list of alleles so far identified at 
the H-2 locus is complete. Additional alleles will almost certainly be 
found as more stocks are tested. It is quite possible also that additional 
components comparable to the d and k components will be found. It 
may, however, prove more practical to analyze these by serological 
methods than by the strictly genetic methods so far employed. 

As knowledge of the locus increases, the nomenclature system employed 
at present may prove unsatisfactory. However, it would appear advisable 
to let any revision wait until there is reason to suppose that whatever 
new system is adopted will be final. 


Summary and Conclusions 


The histocompatibility-2 or H-2 locus in the mouse is a locus determin- 
ing susceptibility and resistance to tumor (and presumably also normal 
tissue) transplants. It lies on chromosome 9, closely linked with the 
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TABLE 6.—Alleles at the histocompatibility-2 locus and their distribution in 22 
inbred strains 











H-gak* H-24 H-2¢ H-2t | H-2''| H-2> |H-2»| H-2g<| H-2 
A | DBA/2 YBL/Rr| C57BR/a | AKR C57BL/6 | P |DBA/1|RIII/Wy 
BALB/c C57BR/cdt C57BL/10 
C57BL/6- CBAt C57L 
H-24 C3Ht LP 
C57BL/6Ks- STt 129/Rr 
H-24 A-H-2°T 
C57BL/10- 
H-24 





























*Note that allele H-2¢* was previously called H-2. 
tWhether these strains are H-2* or H-2*’ is not established by the evidence so far available. 


genes fused tail (Fw), kinky tail (A7%), and short tail (J). This linkage Vv 
has been used to analyze the alternative forms or alleles that exist at this 
locus, and to map their distribution in twenty-two inbred strains. 

The results to date are summarized in table 6. Nine alleles have been 
identified, H-2%, H-2*, H-2”, H-2*, H-2"’, H-2°, H-2?, H-2*, and H-2’. 
Alleles H-2¢, H-2*, and H-2° are apparently the most widespread, occur- 
ring in 4, 5, and 6 stocks respectively. The other alleles have so far been 
found in only 1 stock each. 

Alleles H-2¢ and H-2* are of particular interest in that the hybrid 
H-2¢/H-2* is susceptible to strain A (H-2/H-2%) tumor 15091a. This 
provides an independent check for the classification of alleles made by 
means of the linkage test. 

Possible limitations of the methods employed are discussed. Evidence 
is presented that histocompatibility phenotype, as determined by growthe 
or failure to grow of tumor transplants, does not always coincide with 
histocompatibility genotype. This is more often the case with certain 
transplantable tumors than with others. A correlation is found to exist 
between the exactness of ratios given by tumors when inoculated in mice 
from appropriate crosses, and their tendency to produce regressions. It 
is concluded that tumors with a marked tendency to give growth followed 
by regression are particularly suitable for genetic studies. 
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AppenpIx 1.—Rules used for drawing conclusions from linkage data (table 2) 

















Case If Conclusion is 
, eee ea onal gr ti nah dk eitinahe Wane eis esate ? 
ee 21=%+ <95, and 
Bi atk a RN a las can va “adh ran Hamas @ dt RS ete ale U is not H-2". 
| eS Bo we OS | A ee U is not H-2*? 
3.. .| 2.05 > d/e, recombination % <46................ ? 
” RA 2.05 > d/e, recombination % >46................ U is H-2+, 
ic niente , Be SEE A rem R ie er iar eener eee eerer erent U is H-2*. 
% + = the percent dying from the tumor transplant. 
d/e = (50% —observed recombination %)/standard error. 
U = the “unknown” strain, or the strain under test. 
H-2* = the H-2 allele in the “known” strain. 











Determination of the Histocompatibil- 
ity Locus Involved in the Resistance of 
Mice of Strains C57BL/10-x, C57BL/6-x, 
and C57BL/6Ks to C57BL Tumors *? 


G. D. Snetu® and P. R. F. Borcss,* Roscoe B. 
Jackson Memorial Laboratory, Bar Harbor, Maine 


The histocompatibility-2 or H-2 locus in the mouse is described in the 
preceding paper (1). Nine alleles have been identified. These, with the 
inbred strains in which they occur, are: H-2* (strain A), H-2* (strains 
BALB/c and DBA/2), H-2” (strain YBL/Rr), H-2* (strains C57BR/a, 
C57BR/cd, CBA, C3H, ST), H-2* (strain AKR), H-2? (strains C57BL/6, 
C57BL/10, C57L, LP, 129/Rr), H-2? (strain P), H-2¢ (strain DBA/1) and 
H-2' (strain RITI/Wy). 

This paper is concerned with the analysis of strains C57BL/10-z (2), 
C57BL/6-z (3), and C57BL/6Ks,5 to determine what A-2 allele they carry. 
These strains are branches of strains C57BL/10 and C57BL/6 respectively. 
They are characterized by resistance to tumors indigenous to and growing 
100 percent in strains C57BL/10 and C57BL/6. 


Methods 


The methods are the same as those described in full in the preceding 
paper. They are based on two tests. 

1) The linkage test.—This utilizes a cross of the type (M X T) X N, where 
M and N are any two inbred strains and T is a strain carrying the gene for 
brachyury, T (orforfused, Fu). The offspring of this double cross are inoc- 
ulated with a tumor from strain M. The occurrence of linkage, as mani- 
fested by an excess of survivors among brachyury or short-tail mice, is 
taken as evidence that strains M and N carry different H-2 alleles, the 
absence of linkage as evidence that they carry the same H-2 allele. 

2) The component test.—In this test the strain being analyzed is crossed 
to strains of the genotype H-2*/H-2* and H-2*/H-2*, and the F, hybrid 
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#9, July 1953. 
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inoculated with strain A tumor 15091a. This tumor will grow progres- 
sively in all F, hybrids if, and only if, their genotype is H-2*/H-2*. Hence 
if the known parent is H-2* and the tumor grows, the unknown must be 
H-2¢. 


Results 


The results are summarized in tables 1, 2, and 3. 

In the linkage test, where the strain in the N position was C57BL/10-z, 
and the strain in the M position carried alleles H-2’, H-2“, H-2*, H-2?, 
H-2‘, or H-2’, it will be seen that an association between T (or Fu) and 
resistance was invariably manifest (table 1, cases 1 to 10). The recom- 
bination values range from 0 to 38.8 percent. 


TaBLE 1.—Data showing linkage, or absence of linkage, between T (or Fu) and resistance, 
among segregants from crosses involving C57BL/10-x and 10 other inbred strains. 
Susceptibility to tumor growth 1s indicated by + (mouse died of tumor), resistance by — 
The tumor used in each case was native to the first strain listed under each cross. 
































| Number of mice 
Case} Allele — Recombina- 
No. | tested | | tion percent 
jt +)+—| wlio T- 
1 | H-2>| (C57BL/10 X A-T) X C57BL/ | 12 | 0 0; 18 0.0 
10-z | 
2| H-2¢% (A X A-H-2 T) X C57BL/10-z.. 15 1 1} 10 7.4+ 9.6 
3 | H-2*| (C57BR/a X A-T) X C57BL/10-r..; 12| 2] 3| 14] 16.1 + 9.0 
4 o (C3H X A-T) X C57BL/10-z.... .| 12} 18 1} 18} 38.8 + 7.1 
5 5 (CBA X A-T) X C57BL/10-z..... 7} 0} 9} 9] 36.0 + 10.0 
6 | H-22| (P X F5) X Cs7BL/10-2 ciecriaraheaa 10 | 11 1/10} 37.5 + 88 
7 (P X A-T) X C57BL/10-2........ 20 | 11 3 | 13 | 29.8 + 7.3 
8 - Total of cases 6 and 7. 30 | 22 4 | 23 | 32.5 + 5.6 
9 | H-2¢| (DBA/1 X A-T) X C57BL/10-z. 15 1; 9] 25 | 20.0 + 7.1 
10 | H-2r | (RIII/Wy X A- +. C57BL/10-2... 17 | 18 | 10 | 33 | 35.9 + 5.7 
11 | H-2¢ (B ALB/e X A-T) X C57BL/10-z..| 10 3} 15 0 | 64.3 + 9.4 
12 ” (DBA/2 X A-T) X C57BL/10-z. 26 | 14] 18 | 8 | 48.5 + 6.2 








For cases 1, 2, 3, and 9, testing alleles H-2°, H-2%, H-2*, and H-2%, 
respectively, the recombination value falls short of 50 percent by an 
amount in excess of three times the standard error. For cases 4 and 5, 
testing allele H-2*, the departure from 50 percent is not significant, but 
this allele is adequately tested by case 3. For case 7, testing allele H-2?, 
the difference from 50 percent is 2.8 times the standard error. However, 
it is legitimate in this instance to combine cases 6 and 7, since these differ 
only in the marker gene employed, and the combined value (case 8) gives 
unquestionable proof that strain C57BL/10-z is not H-2?. For case 10, 
testing allele H-2’, the recombination value is 35.9+5.7. The difference 
from 50 percent is 2.47 times the standard error. This is a slightly less 
conclusive test than for the other alleles, but can probably be regarded 
as adequate. We may therefore conclude that strain C57BL/10-z carries 
an H-2 allele which is not H-2”, H-2*, H-2*, H-2?, H-2¢, or H-2’. 

Case 1 is of particular interest in that it tested strain C57BL/10-z 
against strain C57BL/10, the line from which it arose. The results here 
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are particularly clear—there are no crossovers in 30 mice. This proves 
that strains C57BL/10-z and C57BL/10 differ at the H-2 locus. 

An entirely different type of result was obtained when the strain in 
the M position carried allele H-2* (cases 11 and 12, table 1). For strain 
BALB/c, 25 of 28 mice were susceptible. The three negative animals 
were normal-tailed, and hence fall in the recombination category. There 
was no evidence of linkage. For strain DBA/2, there were 44 positive 
animals and 22 negatives, but again no evidence of linkage (crossover 
percent=48.5+6.2). There was a deficiency of brachyury (7) mice, 
but this is not an infrequent occurrence, due probably to either differential 
mortality or the occurrence of normal overlaps. 

Tests with BALB/c and DBA/2, the two previously identified H-2¢ 
lines, therefore agree in placing strain C57BL/10-z in the H-24 group. 

Three crosses in table 1 are of interest in that they gave approximations 
to the ratio expected when growth of the tumor is controlled by two 
histocompatibility genes, one of which is linked with T. Assuming 
5 percent crossing over between H-2 and T the expected ratio is: 


++ +— T+ T- 
19 21 1 39 


It will be seen that cases 4, 8, and 10, with observed ratios of 12:18:1:18, 
30:22:4:23, and 17:18:10:33, respectively, approximate the ratio 
expected for two factors more or less closely. 

Results with the linkage test are confirmed by the component test 
(table 2, cases 1, 2, and 3). All of 10 F, hybrids from the cross C57BL/ 
10-r X C57BR/a and all of 13 F, hybrids from the cross C57BL/10-z 
< CBA grew strain A (H-2%/H-2) tumor 15091a. All of 10 F, hybrids 
from the cross C57BL/10-r * BALB/c were resistant. If strain C57BL/ 
10-2 is H-2¢, then hybrids from the first two crosses are H-24/H-2* and 
should be susceptible, and hybrids from the last cross are H-2*/H-2¢ and 
should be resistant. 

The linkage test was not used in the analysis of strain C57BL/6Ks. 
However, the component test places it unequivocally in the H-2% category. 
All of 12 F, hybrids from the cross C57BL/6Ks * C3H grew 15091a, 
and all of 20 F, hybrids from the cross C57BL/6Ks X BALB/c were 
resistant (table 2, cases 4 and 5). 


TABLE 2.—Growth of strain A tumor 15091a (H-24*/H-24*) in F; hybrids 











Number of 
Case Genotype of — 
No. | Cross hybrid 
+ oa 
1 CETBL/1G-e X CETBRIB. ......ccccesesccee H-2¢/H-2* 10 0 
2 “ We MS aor ry. ore wi pies wn 6cowrae = 13 0 
3 o pe SO eee H-24/H-2¢ 0 10 
4 eo, Fe ee | re ere H-£4/H-2* 12 0 
5 7 i Nichi nae vnveawerisin wa H-24/H-24 0 20 
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Strain C57BL/6-r was tested by three linkage crosses (table 3). There 
was linkage in tests with strains C57BL/6 and P, but no linkage in a test 
with strain BALB/c. Despite the limited number of crosses used, this 


is in our experience fairly conclusive evidence that strain C57BL/6-z is 
H-2¢. 


TABLE 3.—Data showing linkage, or absence of linkage, between T and resistance, among 
segregants from crosses involving C57 BL/6-x and 8 other inbred strains. Susceptibility 
to tumor growth is indicated by + (mouse died of tumor), resistance by —. The tumor 
used in each case was native to the first strain listed under each cross. 





| | 
| Number of mice | 
Case} Allele Recombina- 

















No. | tested | Cross | | | tion percent 
| J++|+—| T+] T- 
1 | H-2*| (C57BL/6 X A-T) X C57BL/6-z....| 28 | 7| 11) 18 | 28.1 + 6.2 
2 | H-2>| (P X A-T) X C57BL/6-z.......... 10 | 2} 0/18| 6749.1 
3 | H-2¢| (BALB/c X A-T) X C57BL/6-2....| 12 | 0} 19 0/|61.3+ 9.0 
| | 








Summary and Conclusions 


Borges et al. (2, 3) have presented evidence indicating that strains 
C57BL/10-¢ and C57BL/6-z probably arose from their respective parent 
strains, C57BL/10 and C57BL/6, by mutation at a single histocompati- 
bility locus. The evidence here presented shows that the mutation 
involved was a change from H-2° to H-2¢. Strain C57BL/6Ks likewise 
differs from strain C57BL/6 in that it is H-2¢ instead of H-2°. Since 
strains C57BL/6-c and C57BL/6Ks are possibly related, the mutant 
allele they carry may have a common origin. According to the rules for 
nomenclature of inbred strains of mice (4), the mutant strains may be 
designated hereafter as C57BL/10—H-2*, C57BL/6-H-2%, and C57BL/ 
6Ks—-H-2¢. 
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Resistance of Various Inbred Strains of 
Mice to Tumor Homoiotransplants, 
and Its Relation to the H-2 Allele 
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A homoiotransplant or homograft is defined as a transplant or graft 
between inbred strains. Asa rule, tumor homoiotransplants do not grow, 
or grow temporarily and then regress (1). There are, however, occasional 
exceptions. 

It is the purpose of this paper to examine the frequency of these excep- 
tions for 13 transplantable mouse tumors and 15 inbred host strains, and 
to seek some clues as to their explanation. 


Materials and Methods 


The strains and substrains of mice used were: A/Jax, A/GoldinJax, 
A/HeJax, A/WaJax, BALB/Jax, BALB/cJax, BALB/cAnJax, BALB/cSn, 
CBA/Jax, CBA/JSn, C3H/Jax, C3H/ScJax, C57BL/6Jax, C57BL/6JSn, 
C57BL/6HeJax, C57BL/6pJax, C57BL/6—H-2*, C57BL/10Jax, C57BL/ 
10ScSn, C57BR/aJSn, C57BR/cdJax, C57L/Jax, C57L/HeJax, DBA/1iJax, 
DBA/1Hu, DBA/2Jax, DBA/2Vi, DBA/2Wy, LP/Jax, ST/Jax. The 
origin of most of these strains and substrains has been reviewed elsewhere 
(2, 3) and further discussion here would be superfluous. Because certain 
of the substrains within each strain are closely related and showed no 
significant differences in their response to the grafts, all strains and sub- 
strains will hereafter be grouped into 15 lines as follows: A, BALB, 
BALB/c, CBA, C3H, C57BL/6, C57BL/6-H-2*, C57BL/10, C57BR/a, 
C57BR/ed, C57L, DBA/1, DBA/2, LP, and ST. 

Some of these strains, even as thus grouped, are more closely related 
than others (2, 3). Thus all the C57 strains constitute a family with 
common ancestry. Substrains 6 and 10 of strain C57BL were separated 
only after prolonged inbreeding and are similar in nearly all respects. 
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Other related pairs are BALB and BALB/c, CBA and C3H, DBA/1 
and DBA/2. 

The tumors used were—strain A: Anaplastic carcinoma 1509la (mam- 
mary gland origin), neuroblastoma C1300, sarcoma I; strain BALB/c: 
fibrosarcoma $621; strain C3H: lymphosarcoma 6C3HED, adenocarci- 
noma C3HBA; strain C57BL/6: myeloid leukemia C1498, mammary 
carcinoma E0771 (from C57 BL subline C57BL/6,DBA/1); strain C57BR/a: 
fibrosarcoma S636; strain DBA/1: mammary carcinoma dbrB; strain 
DBA/2: lymphatic leukemia P1534; strain unknown: sarcoma 37, sarcoma 
180. 

All mice were inoculated subcutaneously by trocar on the right side. 
Inoculations of C57BL/6—H-2* mice with tumors P1534, C1498, E0771, 
and dbrB constitute an exception. These mice (for data concerning which 
we are indebted to Dr. P. R. F. Borges) received grafts subcutaneously 
by trocar on both sides simultaneously. 

Most of the inoculations were performed in the Inbred Nucleus of the 
Jackson Memorial Laboratory. For some data we are indebted to Dr. 
N. Kaliss. A few data have been taken from control groups of experiments 
performed by one of the authors. 

The ages of the mice at the time of inoculation ranged from one to seven 
months. A tabulation of different age groups for each strain of host 
revealed no consistent pattern of susceptibility in relation to age. Age is 
therefore disregarded in the following presentation. 

All inoculations, except for some of the tests with C1498 tumor sum- 
marized in table 2, were performed after August 7, 1948. 


Results 


The results are presented in table 1. The data from each interstrain 
test are given in the form of a fraction, the numerator being the number of 
mice dying from progressive tumor growths, the denominator the total 
number of mice inoculated. For each tumor in its native strain the table 
shows, instead of a fraction, the value 100 percent. This value is in every 
case based on considerable numbers of mice, and in nearly every case 
where results from several sublines are lumped, the native tumor was 
tested and grew 100 percent in each subline of the group. Thus the four 
A sublines, A/Jax, A/GoldinJax, A/HeJax, and A/WaJax, all included in 
the table under strain A, were individually tested with strain A tumor 
15091a and all grew it without exception. 

The 15 inbred strains are arranged in 5 groups according to the H-2 
allele they carry (4). The 11 tumors of known origin are arranged 
according to the 7 different strains in which they originated, and the 
strains in turn grouped according to their H-2 allele. Sarcoma 37 and 
sarcoma 180, whose origins are unknown, constitute an additional group. 
The H-2 groupings are separated by heavy lines. 

When thus arranged, certain consistencies appear in the data. 

As expected, where two strains were related, a tumor native to one 
tended to grow in the other, Thus both C57BL/6 tumors grew 100 


Journal of the National Cancer Institute 








487 


RESISTANCE TO TUMOR HOMOIOTRANSPLANTS 


JO peojsuy ‘smoys o[qu} 9} UTBIIS OAT}EU Sz] UT JOWIN) qove JO «+ 


poze[Noouy eoyur yo JoquINU [840,,, 





SY}MO013 JOUIN} OAISSeIZ0Id WO YUjAp 90] 


"Yor onpea ey} ‘uopoBy B 


2UO}}OBIJ OY} JO ULIOJ OY} UT UOATZ O1B 489} UTBI}SIO}ZUT YOVO 1OJ VIVP OG. Le 
























































| 

02/02 |" ** O1/e |I1/9 jos/9T |2Z%/ZT jos/s |” IZ/St |Ot/¢ 61/61 |6/6 1F/0F lot/or reer. *** O8T BULODIBg 
O1/OT £266 8 Oe 68 ES GC Gne 6 ee SG 02/6 > eo 6 06 6ne 68 664 680 66.6 6 ORS 6B 6 OOS 62 6 6 Oe 68 68 @ 8/8 02/02 | eeeeerte eo eevee eeeeeee LE BULOIIBY P| 
%oor j01/0 (02/0 jor/t j\62/E jot/o jot/o jot/o \0z/e jot/o |tz/o |tg/o \6t/t jot/o jog/o fcc ***qaqp i/vad 
o1/6 = =6/6 02/0% |II/It |%oor j6t/t jot/e jot/o jse/e jcc: or/t jzot/e2 |6t/o jot/o jez/e Jott 1ZL00 
O1/T |62/t \6%/8% \0z/0z |%oor jor/o jot/o j|2t/o \6t/o {2/T s/o js6s/e j2z/o |tt/o |6s/o fcc 86F1D | 9/TaZg9 
O1/T sii | leas ct/o |6/o0 fot/o |st/Ft |%oor jor/o = |et/p fOI/E Joy ae ed 9899 | 8/WALsoO 
O1/e oe eeleeeeeete eevee 01/0 01/0 eeeeee L1/0 %O0r eeeevee Z1/0 ee ee ee ee ee ee ee ee es) Ce ee ee) Ce a a a ee VaHeo 
oe Bie i'**** 02/0 jot/o j6t/2 jo1/o |st/o |%oor jor/or fy Sie ae SO EER ESS GaHEeo9 H£0 
01/2 *"10z/0 (|6/T 02/0 |6/0 02/0 |""*°*" ae Perr % O01 |#e/0 1c/cz jow/e |ez/o fcc PESId 2/Vad 
cian for one r°**** c/o = jor/0. «(6/0 —Ss«6/O—s*fot/ot |’ aoe oe eS ees 1298 | %/aIva 
oro jo 01/0 |2t/o 12/0 |6/0 jot/o joz/o jez/o Jp 02/0 16/0 meeps I BWUODIBg 
et fo ee o1/o jot/o |tt/6 jor/o |ee/It J61/O Jp OF/ST \or/O tL iii diae dake. 00gTO 
o1/e jor/o jot/o jot/o joz/o jtt/¢ jot/o jot/o j|tz/o jot/t jos/e jcc /t woe feeorr:°***cs BI60ST V 

rs) s) eo) eo) Qa 2) Q Qa e) Q ‘s) Q oo es] > 

oii a); a1 5/7/3313 /8) 212] 43) 2] 2 

> bo bo oo es > > bo > > 

. e&| s&s | 2 se) & | F 

— oO fo) i) 
S g F 
s uIBI}s 
2 IOWUINT, 10u0g 

0-H a6-H 10-H pe-H w3-H 

















dnoid Z-Aqyiqnedu0s04s1y pus ures SOFT 











s10Umn} ajqojunjdsun.) gy fo s,fosbowoy wosf Burhip surpijsqns pup surp.js paiqut gf wor ao1m fo ,u01;9DLJ—"| AIAV], 





Vol. 14, No. 3, December 1953 








488 SNELL, RUSSELL, FEKETE, AND SMITH 


percent in strain C57BL/10, and C3H tumor 6C3HED grew 100 percent 
in strain CBA. 

This was true, however, only when the related strains carried the same 
H-2 allele. The C57BL strains fall into 3 of the 5 H-2 groups: C57BL/ 
6—H-2¢ is H-2¢; C57BR/a and C57BR/ed are H-2*; C57BL/6, C57BL/10, 
and C57L are H-2°. This was strikingly reflected in the cross tests. 
Thus C57BL/6 tumor C1498 grew in 48 of 49 C57L mice, but in only 3 
of 393 C57BL/6—H-2¢ and not at all in C57BR/a and C57BR/cd mice; 
C57BR/a tumor S636 grew in 14 of 15 C57BR/cd but not at all in C57BL/6 
or C57BL/10 mice. 

More significant, perhaps, is the result of cross tests between less 
closely related strains. Here again the role of the H-2 locus is apparent. 

Two components, d and k, are recognized at the H-2 locus. Strain 
A has both of these (is H-2%), the groups of strains with alleles H-2¢ or 
H-2* each have one component but not the other, and the strains with 
allele H-2° have neither. This relationship is reflected in the fact that 
strain A tumors 15091a and C1300 grew in a total of 21 of 111 mice of the 
H-2¢ strains, in 26 of 135 mice of the H-2* strains, but in none of 70 mice 
of the H-2° strains. The presence of both d and * components in the 
tumor and the absence of both in the host apparently produce a degree 
of difference which the tumor cannot easily overcome. Strain DBA/1 
(H-2*) constitutes an exception on which we shall comment later. 

The action of the H-2 locus again shows up in that homografts tend to 
grow better when made between strains with the same H-2 allele than 
they do when made between strains with different H-2 alleles. This is 
true even when the strains involved have no close common ancestry. 
Thus the highest percentage of takes of grafts of BALB/c tumor S621 
in any foreign strain without close common ancestry was in DBA/2 
mice (all of 10), of DBA/2 tumor P1534 was in BALB/c mice (25 of 51), 
of C57BR/a tumor $636 was in CBA mice (4 of 14), and of C57BL/6 
tumor E0771 was in LP mice (all of 9). The relationship is shown less 
clearly by C3H tumor 6C3HED, which grew in 2 of 19 ST mice but also 
in 8 of 10 DBA/1 mice, and by C57BL/6 tumor C1498 which grew in 1 
of 29 LP mice but also in 1 of 7 CBA and 1 of 10 DBA/1 mice. 

Particularly interesting is the behavior of the so-called “nonspecific” 
tumors, sarcoma 37 and sarcoma 180. Actually these show a striking 
specificity in favor of H-2* hosts. Thus sarcoma 180 grew in 78 of 79 
mice of strains BALB, BALB/c, C57BL/6—H-2¢, and DBA/2, but in only 
102 of 190 mice of all other strains. The only strain outside the H-2¢ 
group giving higher than 71 percent growth was DBA/1, which gave 100 
percent (all of 20). 

The data with sarcoma 37 are similar so far as they go, but less extensive. 

Most critical are the results with strain C57BL/6 and its isogenic mate, 
C57BL/6—H-2*, which differ only in the H-2 allele that they carry. 
There were 9 deaths among 20 C57BL/6 mice, and 8 deaths among 8 
C57BL/6—H-2¢ mice inoculated at the same time with sarcoma 37. For 
sarcoma 180 the figures were 16 of 30 and 9 of 9, inoculations again being 
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simultaneous. In this test the C57BL/6—H-2* mice were slightly older 
than the C57BL/6 mice; hence any age differential was in the direction of 
lesser susceptibility of the H-2¢ line. 

Sarcomas 37 and 180 thus show a definite affinity for the H-2* lines. 
This is most easily explained by assuming that these tumors arose in 
mice of the genotype H-2*/H-2¢. 

Strain DBA/1 is of interest in that it seems to be unique in its sus- 
ceptibility to homografts from donor strains not closely related genetically. 
Excluding tests with sarcomas 37 and 180, it gave 56 deaths among 120 
mice. The nearest approach to this ameng the other strains is found in 
strain BALB/c, in which 42 of 192 homoiotransplants from unrelated 
donors grew progressively. However, most of the deaths among the 
BALB/c mice are due to tumor P1534. This is a combination in which 
tumor and host, though not closely related genetically, share the same 
H-2 allele. Leaving these out, the figure for the BALB/c mice becomes 
17 deaths among 141 mice. 

All DBA/1 mice inoculated with sarcomas 37 and 180 gave progressive 
growth, and there was progressive growth in 1 or more mice with all 10 of 
the other foreign-strain tumors except sarcoma I. 

It is possible that one or two of the other strains tested less thoroughly 
than DBA/1 would show a comparable sensitivity to homografts if more 
extensive tests were made. However, the figures so far as they go do not 
point in this direction. Thus the related strain DBA/2 gave 1 death in 
10 mice with E0771, whereas strain DBA/1 gave 9 deaths in 10 mice with 
this tumor. 

Additional information in regard to the growth of tumor homografts is 
provided by a series of experiments run between June 1945 and July 1949 
in which C57BL leukemia C1498 was inoculated in C57L mice. Table 2 
shows the results obtained with untreated controls in this series of 
experiments. 

It will be seen that during the first year results were nearly all negative, 
progressive growth of the transplant occurring in only 1 mouse in 68. At 
the next test, 4 months later, an abrupt change was evident—4 of 8 mice 
died from the tumor. Over the next 9 months a series of experiments 


TABLE 2.—Progressive increase in the lethal‘ty of C57BL/6 transplantable leukemia 
C1498 tested in C57 L mice 
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gave 33, 25, 60, 70, and 80 percent deaths. The next test, run after an 
interval of 17 months, gave 100 percent positive growths. With rare 
exceptions, C1498 has continued to kill all C57L mice since this date. 


Discussion 


The H-2 locus is only one of a number of loci determining susceptibility 
and resistance to transplants (1,5). However, it isa particularly “‘strong”’ 
locus, in the sense that where tumor and host differ at this locus, a powerful 
deterrent against progressive growth is provided. Thus some tumors can 
successfully surmount the difference between strains BALB/c and DBA/2, 
C57BL/6 and LP, or C57BR/a and C57BR/ced, which lie within the same 
H-2 allelic groups, but with the one exception of tumors tested in strain 
DBA/1, no tumor can grow consistently across the lines set by the dif- 
ferent H-2 alleles. This is true even of sarcomas 37 and 180, at least when 
these tumors are inoculated by the methods we used; when double or 
multiple inoculations are given, these tumors may give nearly 100 percent 
deaths even in lines not carrying H-2*. 

The fact that specificity with respect to H-2 alleles is still present in 
sarcomas 37 and 180 sheds some light on the nature of the changes that 
occur as tumors acquire the ability to cross strain lines. The presumption 
is that, in this case at least, the change was in the nature of an increase in 
virulence rather than a loss of the specificity (antigen?) determined by 
the original H-2 genotype (presumed to be H-2*). 

The changes noted in leukemia C1498 tested in C57L hosts are perhaps 
also most easily explained as due to an increasing virulence. The change 
must have involved at least two steps, since growth shifted from 0 percent 
to approximately 50 percent to 100 percent, and may have involved 
gradual or multiple alterations. 

Hauschka and Levan (6) have presented evidence indicating a positive 
relationship in transplantable tumors between tetraploidy and ability to 
grow in foreign strains. Of the tumors shown in table 1, 6C3HED was 
found to be diploid, and 15091a, sarcoma 37, and sarcoma 180 to be 
tetraploid. It would be interesting to determine the ploidy of other 
tumors in this list. In our tests C1300 and E0771 crossed strain lines at 
least as easily as 15091a and hence, on the basis of this theory, should 
be tetraploid. 

Summary 


The capacity of 13 transplantable tumors to grow in 15 inbred strains 
of mice has been tested. 

As expected, progressive growth occurred in all mice of the native 
strain. 

The growth of transplants in foreign strains (homoiotransplants) was 
found to be influenced by two factors. 1) The relationship of host and 
donor strain. Growth was most apt to occur when the two had known, 
common ancestry. 2) The H-2 allele carried by host and donor. Growth 
was most apt to occur when the two had the same H-2 allele. 
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Sarcoma 180 grew in 78 of 79 mice of the four strains of the H-2¢ group, 
but in only 102 of 190 mice of all other H-2 genotypes. Sarcoma 37 also 


showed a preference for H-2¢ mice. It is suggested that these two tumors 
are H-2¢. 


Strain DBA/1 is apparently more susceptible than other strains to 
tumor homografts. 
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A number of investigators while studying the effects of various defici- 
encies, most notably those of the vitamin B complex or of thiamine, have 
observed the result of partial inanition from this cause on the gonads of 
rats. The work of Marrian and Parkes (1), Mason and Wolfe (2), Moore 
and Samuels (3), Werner (4), and Drill and Burrill (5) indicate that in 
rats partial inanition resulting from vitamin deficiencies decreases hypo- 
physeal secretion, and that hypophyseal insufficiency may be responsible 
for the gonadal changes noted under such conditions. Mulinos and 
Pomerantz (6) showed that the atrophy and dysfunction of the endocrine 
organs of rats in prolonged partial inanition closely resembles that follow- 
ing hypophysectomy, and also that injections of chorionic gonadotrophin 
to underfed rats returned the gonads to a normal state (7). Dunn, Morris, 
and Dubnik (8), studying thiamine deficiency in strain C3H mice, found 
that the histologic changes in the ovaries were paralleled by changes in 
the organs of pair-fed control mice. However, the interrelationship 
between partial inanition, nutritional deficiencies, and hormonal insuffi- 
ciencies as seen in the rat have not been studied in the mouse (9). It 
was, therefore, considered desirable to carry out studies in the mouse 
which could supply direct experimental evidence to help explain the 
mechanism whereby dietary restrictions and deficiencies, alone or to- 
gether, may affect the incidence of spontaneous mammary tumors in 
mice (9). 

Severe atrophy of the reproductive organs in female strain DBA mice 
after prolonged pyridoxine deficiency has been reported by Morris and 
Dunn (10). These initial studies of pyridoxine deficiency in strain DBA 
mice left it uncertain as to whether the changes in the reproductive organs 
were caused directly by pyridoxine deficiency or indirectly through a 
failure of the pituitary to produce or release a gonad-stimulating hormone. 
It was thought that pyridoxine might be essential for the synthesis of the 
protein-containing, gonad-stimulating hormone of the pituitary. 

A brief account of an extensive study made on the hematologic response 


1 Received for publication December 22, 1952. 
2 National Institutes of Health, Public Health Service, U. 8. Department of Health, Education, and Welfare. 


493 


Journal of the National Cancer Institute, Vol. 14, No. 3, December 1953 








494 MORRIS, DUNN, AND WAGNER 


of pyridoxine-deficient and gonadotrophin-stimulated mice is presented. 
Some spontaneous lesions peculiar to DBA mice have also been noted. 


Methods 


Weanling DBA/2 female mice * approximately one month of age were 
selected at random and divided into 8 groups. Although 10 to 13 animals 
were originally included in each group, the final number varied from 3 to 
13, because animals found dead were not autopsied and survival in the 
different groups varied. 

The groups and their designations were as follows: 

Group 1, B,-2.5, G-O.—The symbol B,-2.5 indicates that 2.5 mg. of 
pyridoxine was added to each kilogram of the synthetic diet, which pro- 
vides an adequate amount of pyridoxine for animals whose food intake is 
restricted. G-O indicates that no gonadotrophin was given. Ten mice 
in Group 1 were autopsied after an average total period of 84 days. 

Group 2, B,-2.5, G-S.—G-S indicates that gonadotrophin injections 
were given for an average of 23 days (short period) beginning after the 
mice had been 7 weeks on the diet. Seven mice were autopsied after an 
average total period of 72 days. 

Group 3, B,-2.5, G-L.—G-L indicates that gonadotrophin injections 
were begun 2 weeks after the mice were put on the diet, and injections 
were continued for an average of 67 days (long period). Seven mice were 
autopsied after an average total period of 81 days. 

Group 4, B,-0, G-O.—B,-0 indicates a pyridoxine-deficient diet. Three 
mice were autopsied after an average total period of 77 days. 

Group 5, B,-0, G-S.—Indicates that a pyridoxine-deficient diet was given 
for 7 weeks, then injections with gonadotrophin were made for an average 
of 19 days (short period). Three mice were autopsied after an average 
total period of 68 days. 

Group 6, B,-0, G-L.—Indicates that gonadotrophin injections were 
begun 2 weeks after starting the deficient diet, and continued for an 
average of 53 days (long period). Three mice were autopsied after an 
average period of 67 days. 

Group 7, Ry, Bs-2.5, G-O.—Ry, indicates mice whose food intake was 
restricted to the amount consumed by pair-mates in Group 4. Nine 
mice were autopsied after the same time interval as the pyridoxine- 
deficient member of the pair, an average of 77 days. 

Group 8, R;, B,-2.5, G-S.—R,; indicates mice whose food intake was 
restricted to the amount consumed by pair-mates in Group 5. Eight 
mice were autopsied after the same time interval as the pyridoxine- 
deficient member of the pair, an average of 68 days. 

The animals in the pyridoxine-deficient groups were fed the following diet in grams: 
vitamin-free casein 180 (Labco brand), cerelose 570, salt mixture 45 (11), lard 170, 
lard 10 (containing 10,000 vitamin A units as vitamin A-ester and 100 mg. a-tocopherol 


acetate), choline 5, and cod-liver oil 20. A pyridoxine-free vitamin mixture consisting 
of the following in mg. per kg. of diet: folacin 10, d-biotin 1, thiamine- HCl 40, ribo- 


4 Obtained from S. M. Poiley, National Institutes of Health. 
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flavin 20, niacin 200, and calcium pantothenate 140, was thoroughly mixed with a 
30-gm. portion of the cerelose and added to the diet. 

Each animal in the groups selected for gonadotrophin treatment received daily 5 
International Units of pregnant mare serum gonadotrophin ‘ in physiological saline. 
A 0.25-ml. dose of gonadotrophin was injected daily in the thigh muscles of the right 
and left hind legs, alternately. 

The mice in the groups receiving adequate pyridoxine were fed the above diet, to 
which 2.5 mg. of pyridoxine-HCl per kg. of diet was added. The pyridoxine was 
thoroughly mixed in a portion of the cerelose before it was added to the diet mixture. 

All mice were kept in individual cages with wire-cloth bottoms. Water was available 
at all times. Animals were weighed weekly and weekly records of food intake were 
maintained. Each mouse in the restricted-diet groups (7 and 8) was given daily 4% 
the amount of food eaten on an ad libitum basis during the previous week by its pair- 
mate in Groups 4 and 5, respectively. 

Autopsies were done under magnification with the dissecting microscope. The 
following organs were weighed with the Roller-Smith torsion balance as soon as they 
were removed: spleen, left kidney, both ovaries together, uterus with attached Fal- 
lopian tubes, and the heart after all chambers had been opened and the blood gently 
blotted away. The following organs or portions of them were routinely taken for 
microscopic study: eye, heart, lung, thymus gland, stomach, duodenum just below 
the pylorus, mid-portion of the ileum, straight portion of the colon above the anus, 
spleen, liver, kidney, ovary, uterus, vagina, adrenal gland, mesenteric lymph node 
and some peripheral lymph nodes (usually the cervical and inguinal), salivary gland, 
thyroid gland, mammary gland tissue, skin (occasionally), sternum with bone marrow, 
brain, and pituitary gland. All sections except the pituitary gland and the sternum 
were routinely fixed with Zenker’s formol, embedded in paraffin, and stained with 
hematoxylin and eosin and by the prussian-blue method. The same procedure was 
carried out with the sternum after decalcification. Selected sections of the kidney 
were later treated by the periodic acid-Schiff method. The pituitary gland was re- 
moved, fixed in Bouin’s fluid, and stained by the aldehyde-fuchsin method of Gomori. 
The hematologic studies in these animals consisted of red and white cell counts, 
differential counts, hemoglobin determinations, and a few reticulocyte counts (12). 


Results 


The results are reported under five headings: 1) Body weight and food 
consumption, 2) reproductive and endocrine organs, 3) other organs af- 
fected by gonadotrophin injections, 4) hematologic findings, and 5) 
lesions of strain DBA mice. 


1) Body weight and food consumption 


Curves showing the average body weights for each of the eight groups 
are presented in text-figure 1. The mice in all the groups receiving food 
ad libitum supplemented with adequate pyridoxine (Groups 1, 2, and 3) 
increased uniformly in weight in a manner suggesting the typical normal 
weight response of DBA mice to this diet. The pyridoxine-deficient and 
the diet-restricted groups, after a first-week gain, decreased slowly in 
weight until they reached approximately their average initial weight, 
which was then maintained fairly constant in all five groups for the rest 
of the experimental period. Weight values for each group after the tenth 
week cannot be considered significant since they represent averages for 
too few mice. 


4 Anteron, obtained from Schering Corp., Bloomfield, N. J. 
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TEXT-FIGURE 1.—Average body weights, average daily food intake, and average daily 


food intake per 10 gm. of body weight, for mice in 8 groups as indicated. 
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The average daily food intake per mouse at weekly intervals for each 
group (after correcting for spilled food) are shown as bar graphs at the 
bottom of text-figure 1. The food intake for the three pyridoxine-defi- 
cient groups (4, 5, and 6) decreased sharply after the first week to values 
somewhat less than half those for Groups 1, 2, and 3. The average food 
intake and body weight of the pyridoxine-deficient and diet-restricted 
groups paralleled each other as shown in text-figure 1. 

The food intake values per each 10 grams of average body weight (the 
upper series of bar graphs in text-fig. 1) are only slightly less for the 
deficient and restricted mice per unit of weight than for the pyridoxine- 
supplemented animals. 

The effect of gonadotrophic hormone injections on either food intake 
or body weight was negligible. 


2) Reproductive and endocrine organs 


The histologic changes in the ovary, vaginal epithelium, uterus, mam- 
mary gland, and adrenal gland are listed in table 1. The average weights 
of the ovaries and uterus, expressed as percent of body weight, are shown 
in text-figure 2. 

Ovaries —The weight of the ovary in the different groups was altered 
both actually and in proportion to body weight (text-fig. 2). It generally 
increased after the injection of gonadotrophin, both in the pyridoxine- 
deficient and the diet-restricted animals. The largest increase occurred 
in Group 5 (B,-O, G-S) mice. The average ovary weight in proportion 
to body weight in this group was increased by a factor of 10. The weight 
was much above the weight of the ovaries in Group 6 (B,-O, G-L) mice. 
The weights were also greater than the ovaries in Group 8 (Rs, B,-2.5, 
G-S) mice. Much less, if any, weight response to gonadotrophin injections 
was observed in the pyridoxine-supplemented animals. 

Ovaries found in all mice in the different groups were generally uniform 
for the group, though cyclic changes caused normal variations in the 
pyridoxine-supplemented mice. A general histologic type could be 
described (table 1) and representative photographs for each group are 
shown in figures 1 to 8. 

Vaginal epithelium.—Changes in the vaginal epithelium were generally 
consistent with the alterations noted in the ovaries (table 1). 

Uterus —This organ also showed variations consistent with the altera- 
tions noted in the ovaries (figs. 9 and 10, and table 1). A notable change 
was observed in the endometrial stroma of the mice treated with gonado- 
trophin (fig. 10). A considerable amount of intercellular amorphous 
hyaline substance was found, and it seemed doubtful whether this change 
was reversible. Extreme atrophy of the uterus was found in the 
pyridoxine-deficient and the pair-fed mice without gonadotrophin. 

Mammary gland tissue—The histologic changes are given in table 1. 
Secretory activity and a considerable proliferation of acini were noted 
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TEXT-FIGURE 2.—Average weights of organs expressed as percent of body weight in 
female DBA mice of 8 groups. 


in Group 3 (B,-2.5, G-L). No other groups showed any considerable 
acinar proliferation, a finding which suggests that both sufficient stimula- 
tion from gonadotrophin and an adequate food intake were required. 
Proliferation of duct epithelium was noted in the deficient mice given 
gonadotrophin, and the pyridoxine-supplemented mice receiving gonado- 
trophin for a short period. 

Adrenal gland.—The adrenal changes were generally uniform for each 
group of mice. The appearance of the X zone was the most distinctive 
feature in each group (table 1). In Group 1 (B,-2.5, G-O) the X zone 
was being replaced by a wide zone of lipoid cells, an alteration during 
degeneration of the X zone which often appears in the mouse (fig. 11). 
Gonadotrophin injections appeared to hasten the degeneration of the X 
zone. In Group 4 (B,-O, G-O) nearly complete preservation of the X 
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zone was observed (fig. 12). The X zone was partially or completely 
degenerated in pyridoxine-deficient, gonadotrophin-treated animals (fig. 
13), and in most pair-fed animals there were no lipoid cells. 


8) Other organs affected by gonadotrophin injections 


Kidney.—Inspection of text-figure 2 shows that enlargement of the 
kidney accompanied gonadotrophin injections in all groups of mice. 
Histologically, the enlarged kidneys showed no striking alteration and the 


enlargement appeared to be caused by a general hyperplasia of all portions 
of the kidney. 

Skin.—A dermatitis in an area anterior to the vaginal opening was 
recorded in animals in Group 3 (B,-2.5, G-L). Depilation followed by 
desquamation of the surface epithelium left a weeping, raw surface. 
Histologically, a hyaline necrotic membrane appeared on the surface and 
the subcutaneous tissue was edematous, with inflammatory-cell infiltra- 
tion. Abscesses were noted in a few animals (fig. 14). Skin lesions of 
this type were not observed regularly in any other group. 

Sections of the duodenum and ileum occasionally appeared edematous 
in Group 3 (B,-2.5, G-L) but this finding was infrequent and could not be 
directly ascribed to the treatment. 


4) Hematologic findings 


The results of this part of the experiment gave no new clues as to the cause of the 
anemia in pyridoxine deficiency. The results of the leukocyte counts (expressed 
separately for the granulocytes and lymphocytes), the erythrocyte counts, the hemo- 
globin, and the distribution of iron-positive substance in various organs was arranged 
inatable. From inspection of this table, the following general results can be reported: 

No significant change developed when gonadotrophin was given for a short period. 
An increase in granulocytes, and a decrease in erythrocytes and hemoglobin appeared 
in Group 3 (B,-2.5, G-L) mice, but this change was probably secondary to inflamma- 
tory reactions appearing particularly in the skin in these animals. 

Clinical symptoms of anemia such as weakness and pallor developed acutely in 
mice of Group 4 (B,-0, G-O) shortly before death. An extreme reduction in lym- 
phocytes was found, and a considerable increase in granulocytes. The erythrocyte 
and hemoglobin values were sometimes so low as to make accurate estimation un- 
certain (average 1.83 million erythrocytes, 1.86 gm. hemoglobin). Hemoglobin 
determinations and erythrocyte counts made on 3 mice after 7 weeks of pyridoxine 
deficiency were within the normal range. Pyridoxine-deficient mice receiving 
gonadotrophin survived for a shorter period, and did not develop a severe terminal 
anemia. 

Observation of the fresh blood with the phase microscope and study of the stained 
smears showed significant changes in Group 4 (B,-0, G-O). Anisocytosis and baso- 
philia of the erythrocytes was extreme. Especially notable were large, flattened, 
platelike erythrocytes, cften showing only a narrow rim of stained material. The 
centers of these erythrocytes were pale, or might contain a small mass of stained 
substance (target cells). Under the phase microscope, or when a stain (cresyl violet) 
for reticulocytes was used on the smear, these platelike cells were seen to contain 
granules at the margins, and they were identified as reticulocytes. ‘‘Crescents’ and 
“ghost” cells were also frequent in the smears. 

Iron-positive substance was found in the epithelial cells of the duodenum and colon 
in both control and treated mice, and could not be correlated with any experimental 
procedure. The material appeared in granular form on the luminal side of the nucleus 
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and as a diffuse faint blue in the basal portion of the cell. This difference on either 
side of the nucleus has been previously noted by Cappell (13) and Endicott et al. (14). 

The amount of iron appeared to be significantly increased in the liver of mice of 
Group 4 (Bs-O, G-O). It was absent from the hepatic cells in all other groups except 
for minute quantities in some of the pair-fed animals. The presence of iron-positive 
material in other organs was not considered significant. The absence of iron-positive 
material in the kidney in all groups was noted. No iron was observed in the mammary 
tissue, which Rawlinsoa (15) has usually found in older mice. 

Autopsy findings and histologic examination of the hematoxylin and eosin prepara- 
tions of organs active in blood formation or destruction were not significant as regards 
the cause of the anemia in pyridoxine deficiency, except that evidence of active ery- 
thropoiesis was found in the spleen and bone marrow in some severely deficient mice. 
No direct effect of the gonadotrophin injections was observed on the blood-forming 
organs. 


5) Lesions of strain DBA mice 


The thyroid gland, pituitary gland, lung, brain, gastrointestinal tract, and liver 
showed no significant lesions related to the experimental procedure, except for the 
increased deposition of iron previously described in the liver. 

Several lesions found in both control and treated animals are probably peculiar to 
strain DBA mice, and are not related to the experimental procedure. These were 
degenerative lesions in the myocardium, the skeletal muscle, the subcutaneous fat, and 
the cornea. The lesions varied in degree in the myocardium (fig. 15) and skeletal 
muscle, but typically showed a central area of necrosis, strongly fuchsinophilic on 
periodic acid-Schiff treatment, with large mononuclear cells adjacent to and sometimes 
surrounding the necrotic material. This necrotic material sometimes appeared baso- 
philic with hematoxylin and eosin, and suggested that calcification was developing. 

The corneal lesion (fig. 16) appeared in microscopic sections like a long thin needle 
of basophilic homogeneous material lying in a narrow space, probably produced by 
shrinkage during fixation. Some large cells were seen at the margin of the space. 
On examination of the living mouse, irregular white opaque patches were sometimes 
observed in the central portion of the cornea. These patches probably corresponded 
to the microscopic lesion seen in cross section. 


Discussion 


Gonadotrophic hormone injections in pyridoxine-deficient and diet- 
restricted female mice of strain DBA indicate ability of the end organ (the 
ovary) to respond, suggesting that hypophyseal insufficiency may be re- 
sponsible for the gonadal changes. The mouse thus appears to respond 
in a manner similar to the rat during prolonged partial inanition. Effects 
of pyridoxine deficiency may be similar to those produced by partial 
inanition. 

Thus, the failure to observe mammary gland tissue in microscopic sec- 
tions in pyridoxine-deficient animals and the presence of a few glands in 
diet-restricted animals suggests that a somewhat greater effect on the mam- 
ma occurred in the double deficiency than occurred in animals restricted 
only in food. Regardless of how produced, a prolonged insufficiency of 
gonadotrophic hormone that inhibits the development of the mammary 
glands, points strongly to the probable role of the hypophysis in spon- 
taneous mammary tumor development (9). The use of a strain of 
mice that develops spontaneous mammary tumors, such as the one used 
in these experiments, may make possible the experimental demonstration 
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of such an insufficiency upon the development of spontaneous mammary 
tumors. However, such a demonstration may be extremely difficult to 
obtain because of the difficulties occurring in experimental animals sub- 
jected to prolonged administration of an exogenous protein-containing 
gonadotrophin. The preparation and use of a very pure gonadotrophin 
might obviate these difficulties. The problem certainly merits further 
study. 

The histologic changes in the endocrine and reproductive organs were 
generally consistent with the alterations in the ovary. Well-formed dis- 
crete corpora lutea did not appear in the pyridoxine-deficient mice. The 
difference in response in the pyridoxine-supplemented controls and the 
pyridoxine-deficient animals was noteworthy, since a more extreme re- 
sponse appeared in the pyridoxine-deficient mice given gonadotrophin for 
the shorter period of time. It would appear that the presence of a more 
nearly normal endocrine system in a supplemented animal prevented the 
extreme reaction to gonadotrophin found in the deficient mice. The 
hyaline appearance of the endometrial stroma was directly related to the 
amount of gonadotrophin administered, and it seems doubtful whether 
this change was reversible. 

The relative increase in the size of the kidney following gonadotrophin 
injections was observed in all groups of mice. The kidney is said to 
increase in size after treatment with certain hormones (16). 

An inflammatory lesion of the skin on the ventral surface adjacent to 
the vagina was regularly found in normally fed animals receiving prolonged 
injections of gonadotrophin and appeared to be directly related to treat- 
ment. An increase in granulocytes often accompanied the skin reaction. 
No previous report concerning such an effect of gonadotrophin has been 
found. 

The granulocytosis and lymphopenia developing during pyridoxine 
deficiency were in agreement with the results of Weir, Heinle, and Welch 
(17). The hematologic response to pyridoxine deficiency has been re- 
ported to vary with different species (18), and the cause of the anemia 
has not been determined. In the present study, no positive iron staining 
developed in the kidney, such as is usually found when there is an exces- 
sive hemoglobin destruction or when iron compounds are injected in the 
mouse (13). No noticeable evidence of blood destruction was detected 
in other tissues. The anemia did not appear to be aplastic in type, since 
active erythropoiesis was found in severely deficient animals. The pecul- 
iar morphology of many reticulocytes as revealed by the phase microscope 
and in smears stained to demonstrate reticulocytes was noteworthy. 
Thin, hypochromic erythrocytes and “target’’ cells are not considered 
pathognomonic of any condition, but they have been reported in iron- 
deficiency anemia and during posthemorrhagic erythropoiesis (19). A 
considerable accumulation of iron in the hepatic cells in pyridoxine- 
deficient mice suggested a failure in the metabolism of iron, although the 
prussian-blue reaction in the duodenum and colon did not differ greatly 
in the pyridoxine-deficient and control animals. The iron staining of 
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epithelial cells in the mucosa of the colon, similar to that in the duodenum, 
was unexpected since no previous description has been found of stainable 
iron in the colon in experimental mice. Stainable iron was expected in 
the duodenum, the site from which it is reportedly absorbed (20). 
Reports of the effects of various hormones on blood formation and 
destruction (2/) and the often unexplained anemia of pregnancy (22) 
prompted the present investigation of the possible effect of gonadotrophin 
on the blood of the mouse. The results were essentially negative. 
Other lesions such as focal necrosis of the myocardium and skeletal 
muscle, and degenerative lesions in the cornea, were probably spontaneous 
lesions in strain DBA mice and not related to the experimental procedure. 


Summary 


1) Eight groups of weanling strain DBA female mice were used to study 
the changes resulting from prolonged gonadotrophin injection under 
conditions of pyridoxine deficiency and diet restriction. Gonadotrophin 
was injected beginning after the 2nd or 7th experimental week for 
variable periods ranging from 3 to 10 weeks. 

2) The pyridoxine-deficient and the diet-restricted mice showed no net 
gain in body weight, while pyridoxine-supplemented controls gained 
normally. Gonadotrophin injections had little effect on average food 
consumption or average body weights. The weight curves reflect the 
food intake for each group, but the differences in food consumption become 
much less significant when expressed in terms of intake per unit weight. 

3) The ovaries of the pyridoxine-deficient and the diet-restricted mice 
were histologically similar. Gonadotrophin injections greatly increased 
the size of the ovaries. A greater increase occurred in the size of the 
ovaries of deficient mice than in the ovaries of pyridoxine-supplemented 
animals. 

4) The mammary gland tissue in both the deficient and supplemented 
mice treated with gonadotrophin showed proliferation of the duct epi- 
thelium. The mammary tissue in supplemented mice given gonadotrophin 
over a long period showed secretory activity and acinar proliferation. 

5) The histologic changes noted in vaginal and uterine epithelium were 
consistent with the condition of the ovaries. The uterus of gonadotrophin- 
injected animals showed a hyaline intercellular substance in the endo- 
metrial stroma, a change which was probably irreversible. 

6) Pyridoxine deficiency prevented lipoid degeneration of the X zone 
of the adrenal gland, while only partial degeneration, with no lipoid cells, 
occurred in the diet-restricted animals. Gonadotrophin caused the dis- 
appearance of the X zone in the deficient animals, without lipoid formation. 

7) A severe anemia developed acutely after prolonged pyridoxine 
deficiency. It was characterized by extremely low hemoglobin values 
and erythrocyte counts, and large, platelike reticulocytes of unusual 
morphology. The lymphocyte count was greatly reduced. Gonadotro- 
phin had no direct effect on the blood picture. 
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PuaTE 35 
Ovaries from representative mice from each of 8 groups. Hematozylin and eosin. X 40 


Figure 1.—Normal ovary (from Group 1) showing well developed follicles and num- 
erous discrete corpora lutea. Group 1 (B,-2.5, G-O). 


FicureE 2.—Ovary from pyridoxine-supplemented mouse after short period of gonado- 
trophin injections. Two cystic follicles with hemorrhage. Group 2 (B,-2.5, G-S). 


Ficure 3.—Ovary from pyridoxine-supplemented mouse after long period of gonado- 
trophin injections. Medulla occupied by conglomerate masses of luteal tissues. 
A few small hemorrhagic cysts. Group 3 (B,-2.5, G-L). 


Figure 4.—Ovary from pyridoxine-deficient mouse. Severe atrophy, many small 
and medium-sized follicles, no corpora lutea, many atretic follicles. Group 4 
(B,-0, G-O). 


Figure 5.—Ovary from pyridoxine-deficient mouse receiving gonadotrophin injections 
for a short time. Numerous large cysts, some luteal tissue, but no formed 
corpora lutea. Group 5 (B,-0, G-S). 


Figure 6.—Ovary from pyridoxine-deficient mouse receiving gonadotrophin injec- 
tions for a long time. Many cystic follicles, lined by greatly vacuolated cells. 
Group 6 (B,-0, G-L). 


Figure 7.—Ovary from mouse pair-fed to Group 4. Ovary very small, many small 
and medium-sized follicles, no corpora lutea, many atretic follicles. Group 7 (R,, 
B,-2.5, G-O). 


Figure 8.—Ovary from mouse pair-fed to Group 5. Many cystic follicles, some of 
which are hemorrhagic. No well-formed discrete corpora lutea. Group 8 (Rs, 
B,-2.5, G-S). 





JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 14 PLATE 35 








Morris et al. 


2735201—535 o 








508 


MORRIS, DUNN, AND WAGNER 


PLATE 36 


Figure 9.—Endometrium. Group 1 (B,-2.5, G-O). Adequate pyridoxine, no gona- 
dotrophin. Endometrium at estrus. Note cellular edematous-appearing stroma, 
and columnar epithelium. Hematoxylin and eosin. 250 


Ficgtre 10.—Endometrium. 


Group 3 (By-2.5, G-L). 
trophin for long period. 


Adequate pyridoxine, gonado- 
Note hyaline intercellular material in stroma, and hig}! 


columnar ej ithelium. Hematoxylin and eosin. 250 

Figure 11.—Adrenal cortex. Group 1 (B,-2.5, G-O). Adequate pyridoxine, no 
gonadotrophin. Note degeneration of X zone and laver of lipoid cells next to the 
medulla. Hematoxylin and eosin. 250 

Figure 12. Adrenal cortex. Group 4 B,-O, G-O Pvridoxine-deficient, no 
gonadotrophin. 


X zone present between cortex and medulla. 


Hematoxylin and 
eosin. 250 


Figure 13.—Adrenal cortex. Group 6 (B,;-O, G-L). Pyridoxine-deficient, gonado- 
trophin for long period. Note degeneration of X zone and presence of amorphous 
eosinophilic material in this region. 


Hematoxylin and eosin. 250 
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PLATE 37 
FicgtrReE 14.—Section from skin near vagina. Group 3 (B,-2.5, G-L). Adequate 
py ridoxine, gonadotrophin for long period. 
pseudomembrane, inflammatory reaction 
leukoceytie infiltration. 


Note loss of epidermis, inflammatory 

in dermis with granulation tissue, and 
Hematoxylin and eosin. SO 

Figure 15.—Section in myoeardium. Group 1 (By-2.5, G-O). Adequate pyridoxine, 

no gonadotrophin. Area of necrosis in myocardium, surrounded by 

spindle cells, some with very large 


a capsule of 
» nuclei. Hematoxylin and eosin. 290 
Figure 16.—Lesion in cornea. Group 1 (By-2.5, G-O). Adequate pyridoxine, no 
gonadotrophin. Lesions in cornea consisting of thin sheets of amorphous material 
with some fibroblastic reaction and vascularization at the margin. 
and eosin. 290 


Hematoxylin 
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The Effects of Amino Acids as Supple- 
ments to Fractions of Serum and Em- 


bryo Extract on the Proliferation of 
Cells in Vitro? 


KATHERINE K. Sanrorp, Patricia A. Leap- 
BETTER, JAY C. Bryant, WituiamM P. Braker, 
Viremnta J. Evans, and Witton R. Earte, 
Tissue Culture Section, Laboratory of Biology, 
National Cancer Institute,? Bethesda, Md. 


In an earlier study (/) * protein-free ultrafiltrates and protein-containing 
residues * of both chick-embryo extract and of horse serum were tested 
on a strain of mouse cells of single-cell origin to establish the groups of 
components actually used by the cells from a serum-embryo extract 
culture fluid. The practical objective was to determine whether any 
fraction of either horse serum or chick-embryo extract could be eliminated 
from the culture fluid without affecting cell proliferation and growth. The 
elimination of any unnecessary fraction might simplify chemical analyses 
of the medium and thus facilitate the ultimate synthesis of a chemically 
defined culture fluid. The most significant outcome of this study was the 
finding that cultures grown in a fluid mixture of chick-embryo-extract 
ultrafiltrate and dilute horse serum attained the same final number of 
cell nuclei as control cultures grown in whole embryo extract and dilute 
horse serum. The protein fraction of the embryo extract could thus be 
eliminated from the culture fluid without reducing the proliferation rate 
of strain L mouse cells. It was also demonstrated that neither the ultra- 
filtrate fraction nor the residue of horse serum could be omitted from the 
culture medium without diminishing the value of the fluid for prolifera- 
tion of mouse cells. Of the two serum fractions, the residue in the presence 
of chick-embryo extract or embryo-extract ultrafiltrate supported a 
higher rate of proliferation than the serum ultrafiltrate. 

In the present study an effort has been made to supplement embryo- 
extract ultrafiltrate and washed serum residue with known chemicals 
that might substitute for the ultrafiltrate fraction of the serum. Such 
a medium has been developed, and the possible role of serum ultrafiltrate 
in cell proliferation has been defined. 


1 Received for publication June 10, 1953. 

2 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 

3 A more complete bibliography was included in this earlier article. It is regretted that the valuable study of 
Barski et al. (Annales de l'Institut Pasteur 81: 9, 1951) was omitted due to an oversight. 

4 The term “residue” is used in this paper to refer to the material left in the collodion membrane after ultra- 
filtration. 
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Materials and Methods 


The methods for the preparation and handling of replicate cultures of 
strain L cells, for measurement of proliferation, for the preparation of 
components of the medium, for sterilization and storage of solutions, and 
for chemical analyses have been described (1). The serum residue, left 
in the collodion membrane after ultrafiltration of horse serum, was diluted 
to original volume with Earle’s balanced saline before use. The last 
lots of serum residue were washed 4 or 5 times during ultrafiltration 
(see table 1) with volumes of Earle’s balanced saline ranging from 250 
to 800 ml. per wash to remove more completely the ultrafiltrable com- 
ponents of serum. All materials were sterilized by passage through a 
Selas filter and were stored in rubber-stoppered test tubes at 3° C. 

In all but one of the present experiments the cells were suspended 
and stirred in embryo-extract ultrafiltrate. Each T-15 flask received 
0.5 ml. of the stirred suspension of cells and 2 ml. of the fraction of the 
culture medium not used in suspending the cells. In the last experiment, 
since embryo-extract ultrafiltrate was absent from two of the experi- 
mental media, the cells were suspended in horse-serum residue. 

Synthetic mixture 199 formulated by Morgan, Morton, and Parker (2) 
was prepared as described by the authors. When groups of components 
were omitted from the mixture, as described later, the osmotic value was 
adjusted by the addition of the necessary volumes of distilled water or 
balanced saline of double the concentration of salts. 


Results 


Four lots of chick-embryo extract, ranging in volume from 595 to 780 
ml. each, and five lots of horse serum, ranging from 620 to 1,780 ml. 
each, were subjected to ultrafiltration (table 1). The yields of embryo- 
extract ultrafiltrate varied from 92 to 98 percent of the original volume 
of embryo extract, and the yields of serum ultrafiltrate from 61 to 70 


TABLE 1.—Data on ultrafiltration of embryo extract and horse serum 

















Experiment No.: } 1 | 2 | 3 | 4,5 6 
Initial volume (ml.)...| 595 | 780 | 655 a Serres 
Period he ee 25% ~~ om 21% 
E tion (hours)........ 22% a: eee 
Embryo extract. Percentage of original | | . 
volume as ultrafil- 
Bg ee 98 | 97 | 92 ee 
Initial volume (ml.)..| 620 | 1060 | 800 750 | 1780 
Period . ultrafiltra- 35 | ¥ e 20%" 
tion (hours)........ 24 23 | 22* 23%* 
Horse serum... . Percentage of original 
volume as _ ultrafil- | 
| A SR ieee | 70 | 70; 64 66 61 








*The period of ultrafiltration was continued for an additional 48 hours at 3° C. during which time the residue 
was washed 4 or 5 times with volumes of Earle’s balanced saline ranging from 250 to 800 ml. per wash. 
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percent of the original volume of serum used. Samples of all lots of 
ultrafiltrate were free from protein when tested with sulfosalicylic acid. 
The nitrogen content of the embryo-extract ultrafiltrate after sterilization 
ranged from 27 to 34 mg. per 100 ml. (table 2). The nitrogen level of the 
serum and serum residue after sterilization ranged from 1,044 to 1,129 
mg. per 100 ml., and the nonprotein nitrogen of the residue was reduced 
from approximately 29 mg. per 100 ml. in whole serum to as low as 2.4 
mg. per 100 ml. in washed serum residue. 


TABLE 2.— Nitrogen content of horse serum, serum residue, and embryo-extract ultrafiltrate 














Material 
Horse serum Embryo-extract 
es ae Horse serum residue (diluted) ultrafiltrate 
No. 
Total j|Nonprotein} Total |Nonprotein} Total |Nonprotein 
nitrogen | nitrogen | nitrogen | nitrogen | nitrogen | nitrogen 
(mg. %) | (mg. %) | (mg. %) | (mg. %) | (mg. %) | (mg. %) 
Saks ciapetune 1129 29 1080 8 27 27 
De asa Oe 1044 22 1110 9 28 27 
Dinsdevnsomen 1070 29 1090 3 28 28 
eS eer tiveens s iaeaeeeetonaccee ee 1087 2. 4 
34 33 
ee CPanel) Sesame eeae 1071 3. 2 























In six experiments the lots of embryo-extract ultrafiltrate, serum, and 
serum residue in combination with mixture 199 and portions thereof 
were tested on strain L cells. In each experiment the same lots of solu- 
tion were used on all cultures. The results of the six experiments are 
summarized in table 3. Each value represents the average of determi- 
nations on 4 cultures. 

The numbers of nuclei in cultures grown on whole serum, embryo- 
extract ultrafiltrate, and saline (table 3, column 1) exceeded those of 
cultures grown on serum residue, embryo-extract ultrafiltrate, and saline 
(column 2). When, however, mixture 199 was used in place of balanced 
saline in the latter culture fluid (column 4), the numbers of nuclei in 
the cultures were significantly increased. When mixture 199 was used 
with whole serum and embryo-extract ultrafiltrate (column 3), the numbers 
of nuclei were high, but were consistently slightly lower than when serum 
residue was used in place of whole serum (column 4). The data were too 
limited, however, to establish whether this difference was statistically 
significant. 

In an effort to determine what components of mixture 199 supplement 
the two fractions of serum and embryo extract, selected components 
of mixture 199 were omitted, and the resultant mixtures were tested on 
the cells in combination with serum residue and embryo-extract ultra- 
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filtrate (table 3, columns 5-8). From the data of the first two experi- 
ments, it appeared evident that the amino acids of mixture 199 were the 
essential supplementing materials. In the third and fourth experiments, 
the amino acids of mixture 199 were tested alone with washed serum 
residue and embryo-extract ultrafiltrate (column 8). When the amino 
acids alone were used as supplements for washed serum residue and 
embryo-extract ultrafiltrate, the numbers of nuclei in the cultures were 
still high but slightly lower than when the whole mixture 199 was used 
as supplement (column 4). For each experiment the difference between 
the numbers of cell nuclei in cultures grown on the amino acid block as 
sole supplement, and in cultures grown on the whole mixture 199 as supple- 
ment, were not significant; but when both experiments were considered 
together, the difference was statistically significant. There was a sugges- 
tion that the vitamins of mixture 199 served to supplement further the 
amino acids, but the differences in the numbers of cell nuclei in cultures 
grown with and without the added vitamins were not statistically sig- 
nificant. For both of these comparisons, an analysis of variance was 
conducted to provide a basis for statements concerning the significance 
of differences. 

Cells grown in 40 percent serum residue failed to maintain the inoculum 
number of cell nuclei (column 10). When mixture 199 was added to the 
serum residue (column 9), cell proliferation occurred but failed to exceed 
that in cultures grown in dilute serum residue and embryo-extract ultra- 
filtrate (column 2), and was considerably less than that in cultures grown 
in serum residue, embryo-extract ultrafiltrate, and mixture 199 (column 4). 


Discussion 


In this and the preceding study (/) an effort was made to determine 
what components of a serum-embryo extract culture medium are actually 
used by strain L mouse cells and what components can be eliminated. 
It was demonstrated that the protein fraction of chick-embryo extract 
and the ultrafiltrable nonprotein fraction of horse serum can be omitted 
from the fluid mixture without reducing cell proliferation if the remaining 
two fractions are supplemented by an amino acid mix. In fact, the 
resultant mixture of two fractions, embryo-extract ultrafiltrate and 
diluted serum residue, supplemented with amino acids and possibly 
with vitamins, supported proliferation of strain L mouse cells better 
than any culture medium yet tested. It appears that in a serum- 
embryo extract culture fluid the main role of the serum ultrafiltrate 
fraction in cell proliferation is to supply amino acids. 


Summary and Conclusions 


In the present experiments the effects of the protein-containing residue 
of horse serum have been tested on the proliferation of a strain of mouse 
cells of single-cell origin. The following results were obtained: Cells 
failed to maintain the inoculum number of cell nuclei when cultured 
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in dilute serum residue alone. When either embryo-extract ultrafiltrate 
or mixture 199 of Morgan, Morton, and Parker was added to the dilute 
serum residue, cell proliferation occurred to a limited extent. When, 
however, both of these materials were added to the serum residue, the 
rate of cell proliferation exceeded that of cells grown in the control fluid 
of whole serum and embryo-extract ultrafiltrate. Of the components 
of mixture 199, the amino acid block and possibly to a slight degree 
the vitamins appeared to be the essential supplementary materials. 
The results indicate that in a serum-embryo extract culture fluid the 
main role of the ultrafiltrate fraction of the serum in cell proliferation is 
to supply amino acids. 

It has been demonstrated that the protein fraction of chick-embryo 
extract and the ultrafiltrable nonprotein fraction of horse serum can 
be omitted from a serum-embryo extract culture fluid without reducing 
cell proliferation if the remaining two fractions are supplemented with 
amino acids. The resultant mixture of embryo-extract ultrafiltrate and 
supplemented serum residue provides an excellent culture fluid for 
proliferation of strain L mouse cells. 


References 


(1) Sanrorp, K. K., Watrz, H. K., SHannon, J. E., Jn., Earte, W. R., and Evans, 
V. J.: The effects of ultrafiltrates and residues of horse serum and chick-embryo 
extract on proliferation of cells in vitro. J. Nat. Cancer Inst. 13: 121-137, 1952. 

(2) Morean, J. F., Morton, H. J., and Parker, R. C.: Nutrition of animal cells in 
tissue culture I. Initial studies on a synthetic medium. Proc. Soc. Exper. 
Biol. & Med. 73: 1-8, 1950. 











Utilization of Amino Acids, Peptides, 
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Studies of the nutritional requirements of tissue cultures indicate the 
importance of both protein components and the dialyzable fraction of 
the nutrient medium for optimum growth (1-4). The relative contri- 
butions of protein and nonprotein phases of embryo-extract medium in 
the growth of chick heart fibroblasts have recently been determined in 
quantitative balance studies (6). The exact nature of the nonprotein 
nitrogenous substances in embryo extract has not been ascertained, but 
peptides are present (6), in addition to a variety of amino acids. 

In the present paper the concentrations of the individual amino acids 
in embryo extract are reported, as well as the sizes of the total pools of 
free and conjugated amino acids. Changes in these pools during the 
cultivation of embryonic chick heart have been determined. In addition 
a C' balance study has been performed with labeled embryo extract, in 
order to equate losses of radioactive amino acids, peptides, and protein 
from the medium with corresponding gains by the explanted tissue. 
In this connection the rates of incorporation of partial enzymic hydroly- 
sates of labeled protein into tissue cultures were measured. 


Materials and Methods 


Starch-column chromatography (7) was used to determine the amino 
acids in a trichloroacetic acid extract of whole 11-day chick embryos. 
After removal of the acid by ether extraction, the solution was made 2 N 
in HCl, hydrolyzed for 6 hours at 115° C., and the HCl removed by 
evaporation to dryness in vacuo. An aliquot representing 0.05 gm. of 
fresh embryos was chromatographed, and 0.5 ml. of effluent fractions was 
collected. 

The cultivations were performed as previously described (5). Changes 
in the nonprotein phase of the embryo extract were measured at 2-day 
intervals. The medium was quantitatively removed from a series of ten 
culture tubes, and fresh nutrient added to each tube. Picric acid filtrates 


! Received for publication June 30, 1953. 
2 Aided by a grant from the Iowa Division of the haien Cancer Society. 
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were then prepared from the pooled embryo extract of each time interval, 
and free amino acids measured according to the Van Slyke ninhydrin- 
CO, method (8). Peptides were determined from the increases in the 
values obtained following hydrolysis. 

A labeled embryo extract, prepared (5) by injecting glycine-1-C into 
fertile eggs (2.6 uc. or 0.2 mg. per egg), was employed in the C“ balance 
study. At 2-day intervals three or four tubes were removed from the 
series, and the media and tissues pooled separately. The specific radio- 
activities of the embryo extract and heart proteins (freed of nucleic acids) 
were determined (5), and multiplied by the average mg. of protein per 
tube to give counts per minute per tube. The C™ content of free and total 
amino acids was measured using the U-tube modification of the Van 
Slyke method, before and after acid hydrolysis of protein-free filtrates. 
CO, was counted as BaC“O; (9). Conjugated amino acids were calcu- 
lated by difference. 

A highly radioactive protein was prepared by cultivating heart for 6 
days in embryo extract containing 8 mg. of added phenylalanine-3-C™ 
(0.56 me. per mM) per 100 ml. The protein isolated from the heart 
tissue had 3,200 counts per minute per mg. Assuming a phenylalanine 
content of 4.0 percent (10), the specific activity of the amino acid in this 
protein was 3,200 X 25, or 80,000 counts per minute per mg. Portions 
of the labeled protein were digested for 18 hours at 37° C., with 1/20 part 
of crystalline pepsin, trypsin, or chymotrypsin at appropriate pH. In 
each case less than 10 percent of the C was precipitable by trichloro- 
acetic acid. The neutralized digests were sterilized by brief autoclaving, 
and added at a level of 5 mg. per 100 ml. to embryo extract, for C“ uptake 
experiments. Labeled protein completely hydrolyzed with 6 N HCl was 
employed as a control. 

The C*-amino acids were purchased from Tracerlab, Inc., Boston, 
on allocation from the U. S. Atomic Energy Commission. 


Results and Discussion 





Amino acids present in chick-embryo tissues—Chromatography of the 
hydrolyzed nonprotein phase of embryo extract (table 1) gave a number of 
well defined peaks. These accounted for 93 percent of the total ninhydrin 
color value of the initial solution analyzed. The mg. of total recovered 
amino acids (including ammonia) divided by 4 gives 94 mg. per 100 ml. of 
25-percent embryo extract. No appreciable peaks were observed in the 
proline, threonine, arginine, lysine, histidine, and cystine regions,’ while 
the essential amino acids in the first 3 peaks were present in relatively low 
concentrations. A very sharp peak at 81 ml. of effluent has been tenta- 
tively designated 8-alanine, since its rate of emergence was identical with 
that observed with synthetic B-alanine. This compound was reported 
also in a dialysate of calf-embryo muscle (11). 





3 A relatively small quantity of embryo extract, equivalent to about 200 wgm. of amino acids, was employed in 
order to give optimum resolution. However, the sensitivity of the colorimetric determinations was lowered, so 
that any amino acids present in very low concentrations would have escaped detection. 
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TABLE 1.—Nonprotein amino acids of 11-day chick embryos 











— Concentration 
Ml. of effluent cor- : in mg. per 100 
responding to peak Constituent on chal 
embryos* 
| 
Oe it Shea ee hee IN 50 ce, asa: ae ei aim ots amie oes 14. 4 
as hisereiniente oeedee ea ers me 29. 7 
| eee Valine-tyrosine-methionine............... 22. 6 
Re aor e | Alanine-glutamic acid............ccccee0. 74. 8 
2 ESAS eee Ba 5a 4 Aros. are cla Sie 6 elo sienien 70. 5 
RRB eee eM cn 'g: Grins Winods na daiet ace wiataen eee 28. 5 
Aa meee SR rn ene men are 53. 6 
AER RM area ae I ei oa iatatea an cca ache at Nelamaee cate 52. 5 
BE aacc cca wasieasa as II 45 vike nea ob oa Hoe cle ae aatronKe 29. 2 
NS a aoe na hea one ee me Sa wae acl kaha dele ead 375. 8 











*In converting mM to mg., average molecular weights were taken for the 3 unresolved peaks. 


The absence of several amino acids in the nonprotein fraction of chick- 
embryo extract is in accord with the view (5) that the protein in the 
nutrient medium plays an essential role in the growth of tissue cultures. 

Utilization of free and conjugated amino acids by heart cultures.—Analysis 
of a stock 25-percent embryo-extract medium gave a value of 0.220 mg. of 
COOH-carbon per 2 ml., for amino acids plus peptides. This value was 
not changed appreciably when the embryo extract was maintained at 
37° C. for 2 days in the absence of tissue (table 2). If 110 is taken to be 
the average molecular weight of the various amino acids in embryo 
extract (based on the data of table 1), the mg. of total amino acids per 
100 ml. of 25-percent embryo extract equals 0.225 X 50 X 1%, or 103. 
This last value is in fairly good agreement with that calculated from 
chromatographic analysis, considering that minor losses occurred in the 


TaBLeE 2.—Decreases in amino acid and peptide content of embryo extract during 
cultivation of heart tissue* 





Total Free peg 
Period of cultivation amino amino anion 
acids acids ostin 





mg. COOH-carbon per tube 








Control embryo extract: 2 days without tissue...... 0. 225 0. 173 0. 052 
5 is is: PO eee soe Re aed - 207 . 166 . O41 
NS 2 his sc ostarn oe eighteen oe aaa oo re nee . 018 . 007 . O11 
2-4 days......... ee Re Far et eet ee Sa! . 187 . 149 . 038 
MRIS 5.40.2. Ashats, > Gictautets cies ann Remi prem ee . 038 . 024 . 014 
4-6 days... hia Sees dia Sa eeses ead ol ay Se ene A 87% | «48 . 041 
MI ooo Oe ae Ev, oracle cat ite oho a ave iat .051 | .040 - O11 











*The 2 ml. of embryo extract in each culture tube was renewed at 2-day intervals. The losses are calculated 
in terms of the control values. 
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latter procedure. The Van Slyke method included both carboxyls of 
aspartic acid, while the ammonia value has been included in the 
chromatography calculations. 

It may be seen that 23 percent of the nonprotein amino acids in embryo 
extract (control value in table 2) are in conjugated form. This finding is 
of interest in relation to the possible role of peptides as intermediates in 
protein synthesis. It is noteworthy that in protein-free filtrates of adult 
rat liver, a portion (10 to 20 percent) of each of 9 amino acids studied was 
in conjugated form (12). 

Previous work (5) has indicated that the nonprotein fraction of embryo 
extract is the major source of tissue protein during the first 4 days of cul- 
tivation, while from the fourth to sixth day the nonprotein and protein 
phases contribute about equally to the heart protein. The data in table 2 
show that both free and conjugated amino acids were taken from the 
nonprotein phase of embryo extract. The former were utilized to an 
increasing extent with time of incubation, while the contribution of the 
peptides stayed relatively constant for the different time intervals. 

C™ balance with labeled embryo extract—From a previous study with 
labeled glycine (10) it can be assumed that the radioactivity of the protein 
and nonprotein amino acids in table 3 represents both glycine-1-C"™ and 
serine-1-C™%. It can be seen that 40 percent of the labeled amino acids 
in the original embryo extract were in conjugated form. 

During the first 2 days of cultivation the contribution of the labeled 
nonprotein fraction of embryo extract to the growing tissue slightly ex- 
ceeded that of the labeled embryo-extract protein. But with increasing 
time intervals, most of the C came from the protein phase. These 
observations agree reasonably well with those reported in an earlier bal- 
ance study (5), which was based on measurement of total amino acids 
and protein levels. 

It is noteworthy that the utilization of C'*-peptides of embryo extract 
exceeded that of free labeled amino acids in each time interval in table 3, 
and is most marked in the first 2 days. This result differs somewhat 
from that in table 2, in which the over-all peptide utilization was greater 
only for the initial phase of cultivation. The C concentration in heart 
protein increased progressively with time, while relatively slower changes 
occurred in the C-amino acid levels in the fibroblasts. Only traces of 
conjugated amino acids were detectable in the tissue. 

The total losses in C from embryo extract agreed well with the cor- 
responding gains by the tissue cultures, considering the complexity of 
the various techniques and also the fact that some of the amino acid mole- 
cules may have been metabolized within the fibroblast cells. 

Incorporation experiments with C'*-peptides—When embryo-extract me- 
dium was subjected to the action of trypsin, it retained considerable 
growth-promoting ability. But prolonged cultivation of heart tissue 
was not possible, inasmuch as the trypsin remaining in the medium 
attacked the explants. This action could not be counteracted satis- 
factorily by the addition of crystalline soybean trypsin inhibitor. 
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Another approach was the addition to stock embryo extract of labeled 
peptides, prepared from the partial proteolytic digestion of radioactive 
protein. The latter was obtained from heart tissue that had been culti- 
vated in the presence of phenylalanine-3-C". Text-figure 1 shows that 
the phenylalanine-C" of partially hydrolyzed protein was rapidly incor- 
porated into the protein of heart cultures. The 6-day values represent 
uptakes of approximately one-third of the total C'* employed in the 3 
changes of medium. It may be seen that the rates are not essentially 
different from that with acid-hydrolyzed labeled protein. 


3F 
x - PEPSIN 

O- TRYPSIN 

&- CHYMOTRYPSIN 
.2F o-HC! 


LABELED 


MICROGM 
PHENYLALANINE / MG. PROTEIN 
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0 2 4 6 
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TExtT-FIGURE 1.—Utilization of free and peptide-bound labeled phenylalanine by 
cultures of embryonic heart. Each point represents 2 or 3 tubes. 


Since the 3 proteinases split rather different types of linkages, it is 
likely that the phenylalanine peptides differed considerably in their com- 
position in the 3 cases. The fact that the rates of C“ incorporation are 
not markedly different and do not differ significantly from that with free 
phenylalanine suggests that the peptides may have been hydrolyzed prior 
to utilization in tissue protein synthesis. However, the data do not 
rule out the possibility that the cultures incorporated peptides directly 
into protein structures. Several types of experiments point to a utiliza- 
tion of embryo-extract protein by heart fibroblasts without complete prior 
hydrolysis. Further work is needed to clarify this important question. 


Summary 


Twenty-five percent chick-embryo extract, used as the nutrient medium 
for the cultivation of chick heart fibroblasts, contained approximately 100 
mg. of nonprotein amino acids per 100 ml. Almost one-fourth of these 
were in conjugated form. During cultivation both free and conjugated 
amino acids, as well as protein, were removed from the medium. When 
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labeled embryo extract containing C-amino acids, peptides, and protein 
was employed, it was possible to equate C™ losses from these fractions 
with corresponding gains by the heart cultures. Partial proteolytic 
digests and complete acid hydrolysates of C-labeled protein were raj.idly 
incorporated into tissue cultures, and at approximately equal rates, when 
added to the nutrient medium. 


(9) 
(10) 
(11) 


(12) 
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Effects of Ionizing Irradiation Treat- 
ments on Tumor Regression ' 


JOANNE W. Houucrorr and Marion MatTrHeEws, 
National Cancer Institute,? Bethesda, Md., and 
Division of Biological and Medical Research, 
Argonne National Laboratory, Chicago, Iil. 


The pronounced regression of a transplanted lymphosarcoma of the 
mouse caused by synergistic action of simultaneous body and tumor 
X irradiation was described previously (/). In a subsequent report (2) 
data on the nature of the systemic effect, i.e. the role played by the irra- 
diated body in tumor regression, and methods of influencing tumor 
regression following local tumor irradiation were presented. In the 
present communication, dose-response curves for the regression of the 
transplanted lymphosarcoma are given for various experimental conditions. 
In addition, the dose-response curves for a transplanted mammary car- 
cinoma in C3Hb mice were studied. They show that the response pattern 
is not specific for lymphosarcoma. 


Experimental Methods 


One series of experiments was conducted with strain A male mice 
between three and four months of age bearing a transplanted lympho- 
sarcoma described previously (1, 2). The 91st to 100th generation 
transplants were used. Ten days following transplantation the animals 
were X irradiated with a 186 KVP, 20 ma. beam filtered with 0.25 mm. 
copper plus 0.55 mm. aluminum at a distance of 25 cm. The dose rate 
under these conditions was 226 r per minute in air. The tumor volume 
was determined by caliper measurement. 

In the first experiment, Ia, tumor regression was studied when the 
tumor dose was held constant while the body dose was varied. The tumor 
and body were irradiated simultaneously. The animals were confined in 
lucite holders, the tumors exteriorized and irradiated with 1,000 r.  Var- 
ious thicknesses of copper and lead shields covered the holders to vary 
the body dose. The body dose of the various groups is seen in table 1. 

In the second experiment, Ib, tumor response to local irradiation was 
studied. Four groups of mice were placed in lucite holders, and the 
tumors and skin flaps were drawn outside of the holder. The bodies of 


1 Received for publication June 16, 1953. 
4 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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TABLE 1.—Filtration used to obtain various body doses for a given tumor dose in total-body 











irradiation 
Body shield 
Ia sub- l Dose to body 
group Cu Pb 
| 
(mm.) (mm.) (r) 
1 0 5.0 0 
2 2.0 0. 55 49 
3 0. 25 0. 55 103 
4 2.0 0 229 
6 1.0 0 387 

















the mice were shielded with 5 mm. lead and the tumors were exposed to 
a single dose of 400, 1,000, 2,000, 4,000 or 6,000 r. 

The third experiment, Ic, consisted of keeping the body dose constant 
at 100 r while the dose to the tumor was varied from 400 to 2,000 r. 
This was done by varying the thicknesses of the shields covering the 
holders, as shown in table 2. 


TABLE 2.—Filtration used to obtain various tumor doses for a given body dose in total-body 











irradiation 
Body shield 
ws | Dose to tumor 
group | Cu Pb 
(mm.) (mm.) (r) 
| 

1 2.0 0 400 

2 0. 50 0. 47 720 

3 0. 25 0.55 | 912 

4 2. 00 0. 55 | 2, 000 

















In the fourth experiment, Id, tumor regression following total-body 
irradiation, i.e. irradiation of the whole animal including the tumor, was 
re-examined where tumor and body were irradiated simultaneously (1). 
In one series the animals in the lucite holders were irradiated with 100, 
200, 300 or 400 r. In another series, the animals, again in the holders, 
were irradiated with 100, 250, 400, 600 or 800 r, and were given homologous 
bone marrow (3) immediately following irradiation. In the third series 
the mice again received 100, 250, 400, 600 or 800 r, but their spleens were 
surgically exteriorized and shielded with lead during irradiation, using the 
method described by Jacobson (4). 

A similar set of experiments was done with C3Hb male mice three to 
four months of age bearing a transplanted, poorly differentiated adeno- 
carcinoma of the mammary gland, designated C3HBA. This tumor was 
obtained from Dr. M. K. Barrett in its 120th generation (5) and trans- 
plants from seven subsequent generations were used. The animals were 
treated approximately 15 days after subcutaneous transplantation. The 
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basic irradiation conditions were the same as those in the lymphosarcoma 
experiments. 

This tumor is not as radiosensitive as the lymphosarcoma. In the 
first series of irradiations, Ila, the tumor dose was held constant at 2,000 r 
while the body dose was varied from 0 to 416 r. The necessary shields 
for the bodies are shown in table 3. 


TABLE 3.—Filtration used to obtain various body doses with the tumor dose constant in 
total-body irradiation 














Body shield 
IIa sub- Body dose 
— Cu Pb 

(mm.) (mm.) (r) 
2 1. 75 1. 10 52 
3 0. 75 0. 81 106 
4 1. 00 0. 34 276 
5) 2. 50 0 416 

















In the second experiment, IIb, the tumors were treated with 2,000, 
4,000 or 6,000 r. The mice were confined in the lucite holders and covered 
with the 5-mm. lead shields as described previously. 

In the third experiment, IIc, the body dose was held at 100 r while the 
tumor dose was varied from 845 to 6,100 r. Again, the shields of varying 
thicknesses of copper and lead were placed over the lucite holders to keep 
the body dose at 100 r, as seen in table 4. 


TaBLe 4.—Filtration used to obtain various tumor doses with the body dose constant in 
total-body irradiation 











Body shield 
Tie eub- | Tumor dose 
group Cu Pb 
(mm.) (mm.) (r) 
1 0. 50 0. 55 845 
2 0. 75 0. 81 2,149 
3 0. 75 1. 10 2, 910 
4 1. 00 1, 57 4, 588 
5 1. 50 1. 57 6, 102 




















In the last experiment, Ild, the whole animal was irradiated with 200, 
400, 600 or 800 r with the spleen shielded. 


Results 


The average ratio of the minimum size to which the tumor regressed 
to the size of the tumor at treatment was used as a basis for comparison. 
In most experiments the larger the dose the greater was the tumor 
regression, up to a certain dose beyond which no appreciable increase in 
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EFFECTS OF VARYING IRRADIATION TREATMENTS 
ON TUMOR REGRESSION 
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TEXT-FIGURE 1.—Dose-response curves of the transplanted lymphosarcoma. 





tumor regression was seen (text-figs. 1 and 2, tables 5 and 6). The 
animals receiving 1,000 r to the tumor and no body irradiation in the Ia 
and Ib experiments showed similar response and the combined data of 
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these two experiments are presented in table 5 and text-figure 1. One 
exception to the leveling-off process occurred in the C3HBA tumor re- 
sponse to total-body radiation. Apparently, a maximum response was not 
reached at 800 r, while the response curve to total-body irradiation of 
the lymphosarcoma leveled off after 600 r. The spleen-shielded animals 
showed greater tumor regression than did the bone-marrow-treated 
animals or the nonprotected animals. 

The increase in response (text-fig. 1d) following spleen shielding oc- 
curred, apparently, because of the surgical operation. A group of sham 
spleen-protected animals was irradiated with 400 r together with spleen- 
protected animals and nonoperated animals. The tumors of the sham 
spleen-protected group regressed 90+2.6 percent of treatment size, those 
of the spleen-protected animals 80+6.1 percent, and those of the non- 
operated animals 64+4.9 percent. 

When the tumor dose was held constant and the body dose was varied, 
a plateau in the lymphosarcoma regression curve occurred with body 
doses greater than 50 r. When the lymphosarcoma was irradiated alone, 
the regression curve started to level off at a tumor dose of 2,000 r; when 
the tumor was irradiated with 100 r to the body the curve started to level 
off at a tumor dose of about 1,000 r. 


EFFECTS OF VARYING IRRADIATION TREATMENTS 
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TEXT-FIGURE 2.—Dose-response curves of the transplanted adenocarcinoma. 
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Although the C3HBA tumor is less radiosensitive than the lympho- 
sarcoma, a systemic effect of irradiation plays a part in this tumor regres- 
sion also. When the tumor was irradiated locally with 2,000 r and the 
body received no irradiation, the tumor regressed 9 percent of its treat- 
ment size. On the other hand, when the tumor received 2,000 r and the 
body 50 r, it regressed, on an average, 30 percent of treatment size. As 
in the case of the lymphosarcoma, 50 r was sufficient to produce a maxi- 
mum systemic effect. Whether the C3HBA tumor was irradiated alone 
or with an additional dose to the body, the curves level off after 3,000 r 
to the tumor (text-fig. 2b and 2c). 


Discussion 


This series of experiments has resulted in typical dose-response curves. 
The leveling off with increased dose, however, is not seen in the total- 
body radiation dose-response of the C3HBA tumor (text-fig. 2d). This 
tumor does not respond even to local irradiation below 1,000 r and whole- 
body irradiation is limited by its lethal effect to less than 1,000 r. Simi- 
larly the curve of total-body dose versus lymphosarcoma response does 
not level off abruptly because here again the maximum tumor response 
has not been reached (text-fig. 1d). It is interesting to note that the total- 
body irradiation of 800 r is more effective than 6,000 r to the lympho- 
sarcoma alone. When animals received up to 400 r to the body, along 
with a high tumor dose (1,000 r), response was not as great as with 800 r 
total-body irradiation. 

Although the size of the lymphosarcomas in the animals receiving whole- 
body irradiation is, on the whole, smaller than the size of the lympho- 
sarcomas in the other groups, the great response here cannot be laid to 
the small size of these tumors. The tumors which at treatment are below 
the average size do not, in the majority of cases, regress more on a per- 
centage basis than the tumors above the average size. This is also true 
of the mammary tumor response. Furthermore, it has previously been 
shown that regression is not dependent on size of the tumor at treatment 
(1) in the range used. 

Perhaps the most remarkable point found in this series is the fact that 
50 r total-body irradiation, in addition to local tumor irradiation, is 
sufficient to produce a maximum systemic effect for both tumors. A 
response to such a low body dose suggests an adrenal-cortical stimulation. 
The increased regression produced by the mobilization of the spleen also 
points toward an adrenal-cortical stimulation produced by an operative 
trauma. However, preliminary data using adrenalectomized tumor- 
bearing animals indicate that tumors in adrenalectomized and sham- 
adrenalectomized animals respond in the same way to whole-body irra- 
diation. 

Reducing the body dose by placing the lead and copper shields over the 
mice changes the quality of the radiation the body receives. The change 
in wave length is not great enough, however, to change the biologic effects. 
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Any soft radiation arising from the lead or copper is removed by the lucite, 
so the animals still get a uniform body dose. 

The results obtained with these two tumors originating from different 
tissues, and the similar results obtained in additional studies of another 
mammary tumor originating in strain A mice, show that the systemic 
effect is not dependent on the lymphoid origin of the tumor that was 
studied previously (1). 

Summary 


Dose-response curves were obtained for a localized lymphosarcoma and 
a Mammary carcinoma for varying irradiation conditions. These con- 
sisted in varying a) total-body irradiation, 5) local tumor irradiation, c) local 
tumor irradiation with the dose to the body held constant, and d) body 
irradiation with the dose to the tumor held constant. 

It was found that with increasing dose the response of the tumor, 
expressed as a decrease in tumor volume, increased initially and then 
leveled off with increasing dose for all irradiation conditions employed 
except in the following instance. In total-body irradiation of the C3Hb 
mice bearing the mammary carcinoma a maximum response had not been 
reached at 800 r. However, the lymphosarcoma response was just about 
maximum at 800 r total-body irradiation. In local tumor irradiation 
2,000 r was sufficient to produce a maximum effect in the lymphosarcoma 
and 4,000 r was sufficient to produce a maximum response in the mammary 
carcinoma. 

When the body dose was constant while the tumor dose was increased, 
the curve leveled off between 1,000 r and 2,000 r in the case of the lympho- 
sarcoma, and between 3,000 r and 4,000 r in the case of the mammary 
carcinoma. 

When the tumor received a constant dose while the dose to the body 
was increased, 50 r was found sufficient to produce a maximum effect for 
both tumors. 
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Mobile Resistance Factor in Acquired 
Immunity to Homologous Tissue 
Transplantation ' 


RicuMonD T. PrReEHN and Joan M. Matin, Na- 
tional Cancer Institute,? Bethesda, Md. 


The purpose of this paper is to offer experimental data giving support 
to the hypothesis of the existence of a mobile resistance factor in acquired 
immunity to homologous * tissue transplantation. 

In previous work from this laboratory (1, 2), the lack of an intrinsic 
cellular incompatibility on the one hand and the existence of a mobile 
resistance factor on the other were indicated in primary immunity. The 
present paper is an extension of the previous work and presents data of 


a similar nature regarding secondary or acquired homologous tissue 
immunity. 


Methods and Materials 


In essence, the procedure consisted of immunizing half of a group of 
inbred mice to a particular transplantable tumor. Approximately one 
month after immunization, skin grafts were exchanged between immunized 
and nonimmunized animals. Four to five weeks following skin grafting, 
the grafts in both sets of mice were challenged (i.e., inoculated intrader- 
mally) with a fragment from a subsequent transplant generation of the 
same tumor. This experimental plan is shown diagrammatically in 
text-figure 1. Appropriate control series were also established as is 
shown in the table of results (table 1). 

From a study of the plan, it can be seen that if the tumors were found to 
grow within the skins grafted from nonimmune mice to immune mice, 
we would have to conclude that mobile resistance factors were not present; 
if, on the other hand, the tumors failed to grow there, the possible presence 
within the graft of resistance factors from the recipient animal would be 
demonstrated. Likewise, and in similar fashion, the presence or absence 


1 Received for publication June 12, 1953. 


2 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
3 Definitions of terms: 


Autologous—referring to one and the same animal. 

Isologous—referring to animals of identical or almost identical genotype (i.e. identical twins or inbred animals 
of the same or very closely related strains). 

Homologous—referring to animals of one species but of different genotypes. 

Heterologous—referring to animals of different species. 
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TABLE 1.—Results of three experiments* 





Immune mice Nonimmune mice 





Immune skin} Nonimmune | Immune skin} Nonimmune 
































Exp. | Tumor and mouse grafts skin grafts grafts skin grafts 
No. strain 
Num-| Num-| Num-| Num-] Num- ee! Num-| Num- 
ber of | ber of | ber of | ber of | ber of | ber of | ber of | ber of 
takes | mice | takes| mice | takes | mice | takes | mice 
* See ee \ 3| 23 4| 17] 15] 15] 18 18 
2 | Sarcoma 37...... 9 
BALB/c......... \ 9} 20 2} 19] 16) 19] 20 22 
3 | Sarcoma 37...... } 3 15 5 | 8 10 12 12 15 
, a eee | 15 | 58 | 11| 44] 41 | 46 | 50 | 55 
Percent takes... : 26 | | 





25 89 91 








*Results were recorded at the following time intervals after intragraft tumor inoculation: Experiment 1—2 
weeks, Experiment 2—3 weeks, Experiment 3—12 days. 
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TEXT-FIGURE 1.—Diagrammatic scheme of the experimental procedure. 
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of local or fixed resistance factors in the transplanted skins would be 
indicated. 

In each separate experiment of this type, male mice 3 to 6 months of 
age and of one particular inbred strain were utilized. The strains are indi- 
cated in table 1. The tumors used, as is also indicated in the table, were 
DBA sarcoma 49 (3) and Sarcoma 37. 

The immunization procedure was essentially that described by Ander- 
vont (4) and consisted of the intracaudal injection of approximately 0.005 
ec. of tumor mince. In the first two experiments, the inoculated tails were 
amputated 10 to 14 days after the inoculation, whether or not tumor 
growth had occurred. (Tumor growth occurred in over 90 percent of 
these animals.) In the third experiment, in which Sarcoma 37 was inoc- 
ulated into strain C3H mice, very few animals showed even temporary 
gross tumor growth in their tails; consequently, the tails of the mice in 
the third experiment were not amputated. 

The technical details of the skin grafting have been discussed in a 
previous publication (5), and were quite similar to those described by 
Randall (6). A detailed description of the intradermal tumor inoculation 
technique has also been published (1). In each experiment, successive 
inoculations were alternated among the several groups, in order to ensure 
comparable inocula in each. 

A random sample of those animals exhibiting tumor growth within the 
skin grafts was used for microscopic study of the implant in situ. In 
each case the tumor implant was entirely within the skin graft, as was 
demonstrated by the intact transplanted panniculus carnosus muscle. 
From the gross appearance of these tumors it is possible to state with 
considerable certainty that this condition existed in all or almost all cases 
of tumor growth, at least until the time at which the data were recorded. 
However this condition, 7.e. the complete containment of the tumor im- 
plant within the grafted skin, was not essential to the conclusions that 
were drawn, as will be pointed out in the discussion. 


Results and Discussion 


A “take,” for the purposes of this paper, is defined as a grossly visible 
tumor nodule present at the time of recording. In the case of the DBA 
sarcoma, almost all intradermal tumors ultimately regressed. Sarcoma 37 
exhibited progressive, i.e. continuous, growth in most of the animals of 
strain BALB/c in which ‘‘takes’”’ were recorded; but, because of the intra- 
dermal site of inoculation, it showed ultimate regression in all cases in the 
C3H strain. The data in each experiment were recorded at a time interval 
after tumor implantation that showed the greatest variation in results 
among the different series. The actual intervals are shown in table 1. 

The results of the experiments can be easily perceived from the data 
presented in table 1. The tumor growths failed to show the effects 
of any intragraft immunity in all series of nonimmunized mice, regardless 
of the source of the skin grafts. On the other hand, they did show the 
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effects of intragraft immunity in all series of immunized mice, again 
regardless of the source of the skin grafts. The number of animals used 
was sufficient to make these results statistically highly significant, and 
the fact that three genetically different systems were used means that 
the data can, with confidence, be used as a basis for generalizations. 

It will be noted that these results are similar to those obtained in the 
previous studies on primary immunity (1). The generalization that 
a specific mobile resistance factor does exist in homologous tissue trans- 
plantation in the mouse is supported by these results and those of the 
previously reported experiments of this series (/, 2). No sessile resistance 
factor could be detected by the use of the methods employed. Possible 
objections to these conclusions are discussed in a subsequent paragraph. 

It must be emphasized that the data presented do not characterize 
the resistance factor or factors in any way other than as to mobility. 
Even the mobility is not well defined for the data do not answer precisely 
the question, “‘How mobile?” Resistance factors sufficiently mobile to 
invade, within a period of 1 month, the skin grafts taken from nonimmune 
animals were conclusively demonstrated. Further work will be required 
to determine more precisely the degree of mobility. 

Although it is doubtless true that stromal elements from the hosts 
invaded the skin grafts, the data argue that the resistance acquired by 
the skins taken from nonimmunized mice and grown in immunized hosts 
was not intimately associated with such an invading stroma (i.e. was not 
attached to the invading stroma in a sessile sense). Had immune factors 
invaded the grafts along with, and intimately associated with, the stromal 
elements, rather than by some more freely mobile method, the skins 
transplanted from immunized to nonimmunized mice would presumably 
have shown some sign of immunity. Of course, the transplantation 
procedure might have destroyed resistance factors associated with stromal 
elements in the grafted skins. This argument cannot be answered with 
absolute assurance. However, it can be pointed out that most stromal 
elements, with the exception of nerve axons, do survive iu skin grafts. 
Thus, had there been immune factors intimately associated with the 
invading stroma in a sessile sense, it seems probable that they would have 
survived transplantation and would have been observable in the skins 
from immune animals transplanted to nonimmune animals. On the 
other hand, the possible role of invading nerve fibers in these experiments 
demands further consideration in view of recent claims that nerves play 
a significant part in immune phenomena (7, 8). 

It should be pointed out that despite good evidence that the intra- 
dermal tumor inoculations were actually made into the grafts rather than 
the hosts, it is possible that some tumor cells may have escaped from the 
confines of the skin grafts. It must be considered certain, however, that 
most, if not all, were actually deposited within the grafts. The assumption 
that a small percentage of tumor cells in each case escaped from the grafts 
would not alter the conclusions to be drawn from the data. Thus, had 
there not actually been a mobile resistance factor, tumor cells implanted 
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in skins taken from nonimmunized mice and grafted to immunized mice 
would have grown, regardless of the escape of some cells into the tissues 
of the immune hosts. Likewise, a fixed resistance factor, had it existed, 
would have produced some degree of inhibition of tumor growth when 
tumor was inoculated into the skins taken from immunized mice and 
grafted to nonimmune, even if a few cells had escaped from the graft. 
It has been shown by a number of workers (9, 10) that in the transplan- 
tation of immunizing tumors such as those used in the present study, the 
growth of the tumor is markedly dependent upon dosage. Thus, in order 
to mask completely the effects of an immunity associated with the grafted 
skin, most if not all of the tumor inoculum would have had to be outside 
the graft. This assuredly did not happen. 

Previous reports in the literature have been contradictory. Despite 
reports by Gorer (11) that mice can produce a variety of different types 
of agglutinins in response to immunization with homologous tumor tissue, 
and despite the existence of acquired blood-cell antibodies such as those 
to the Rh factor in the human, there have been few successes in homologous 
systems in demonstrating circulating resistance factors to cell types other 
than the red cell. 

Successful demonstration of circulating cytotoxins in immunity to 
homologous leukemia was reported by Gorer (12), who incubated the 
leukemic cells with homologous antisera prior to implantation into sus- 
ceptible hosts. Similarly, Kidd (13, 14) has reported the suppression of 
growth of the Brown-Pearce rabbit tumor by incubation with homologous 
antisera. Burmester (1/5) has shown a cytotoxic effect of avian tumor 
homologous antiserum. Lumsden (16), while trying to prove the existence 
of cancer-specific antibodies, showed the presence in tissue culture of 
homologous cytotoxins. Similar work by Phelps (17) demonstrated rat 
anti-rat-tumor cytotoxins in tissue culture. Takeda (18) and other Jap- 
anese authors have recently induced specific resistance to the Yoshida 
sarcoma in homologous serum. These 6 sources are the only ones the 
authors have been able to find that have claimed the direct demonstration 
of cytotoxins in completely homologous systems. It could possibly be 
argued that in the cases of Burmester, Kidd, and Gorer and in the work 
with Yoshida sarcoma the antibody might have been specifically directed 
against an extrinsic virus rather than directly against the tissue cells. 

On the other hand, there have been many reported and probably many 
unreported failures. Lambert and Hanes (19) showed that rat sarcoma 
grew as well in immune rat plasma as in normal plasma. Gussio (20), 
Mottram and Russ (21), and Leitch (22) failed to inhibit rat tumors by 
incubation with immune rat sera. Weil (23) was unable to demonstrate 
antibody by obtaining anaphylaxis in guinea pigs inoculated with rat 
anti-rat-sarcoma sera and challenged with the sarcoma. Harris (24), as 
the result of tissue culture experiments, concluded that “cytotoxins, while 
active against heterografts, do not appear in homoplastic transplantation.” 
Lewis et al. (25) could find no evidence of homologous cytotoxins by the 
incubation technique. Medawar (26), on the basis of tissue culture ex- 
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periments, concluded: “Notwithstanding statements that have from time 
to time been made to the contrary, the results justify the conclusion that 
the occurrence of free serum antibodies is not a sufficient explanation of 
the destruction of foreign homologous tissue.” As the result of recent 
work Allgower et al. (27) reached a similar conclusion. 

It is apparently quite important in this type of work to distinguish 
carefully between experiments in homologous and in heterologous systems. 
Although there have been reports of failure, it is apparently a much simpler 
task to discover circulating cytotoxins in heterologous transplantation, 
and such reports are numerous. 

Indirect methods such as parabiosis for the detection of circulating 
homologous resistance factors have not been much more successful than 
the direct methods. In the field of tissue transplantation, parabiosis has, 
in general, raised more questions than it has answered. The technique 
has been used extensively in the investigation of a variety of physiological 
problems (28) without much regard to the genotypic relationships of the 
paired animals. Why such parabioses are often successful, when free 
grafts between the animals would not be, is an important but almost 
completely uninvestigated phenomenon. 

Experiments utilizing parabiosis to study the nature of homologous 
transplantation immunity have not been numerous in modern times. 
Kross (29) united susceptible with naturally immune rats but was unable 
to demonstrate the transfer of any protective agent. Furth et al. (30) 
showed that the growth of leukemia was not influenced by union of the 
susceptible with a resistant mouse despite the proved existence of vascular 
anastomoses between the animals. He concluded that “it is unlikely 
that humoral factors are involved.” Cloudman (31) obtained unique 
results which may have been dependent on the particular genetic relation- 
ships he employed. He concluded that: ‘1) Parabiosis between different 
stocks of mice is possible. 2) Parabiosis changes to susceptibility the 
normal resistance of black mice to transplants of tumor C198! 3) Changed 
reaction of a previously nonsusceptible mouse following parabiosis with a 
susceptible mouse indicates a response like that in an F; hybrid and the 
result is called pseudo-hybridization.” Harris (32), using parabiosis 
between mice of the same strain, found that both animals became immune 
if an immunizing tumor were inoculated into one. However, he was of 
the opinion that it was an antigen rather than an antibody that passed 
between the animals. 

The most extensive work on homologous parabiosis in transplantation 
immunity has been reported by Bichel and Holm-Jensen (33). These 
authors showed that in isologous parabiosis of a mouse immunized against 
a transplantable homologous leukemia, with a mouse unimmunized, the 
unimmunized mouse was uniformly resistant to challenge with the leu- 
kemia. There can be little doubt that resistance was transferred in these 
experiments. However, it seems that there are two possible objections to 
the conclusion that the results were necessarily due to the transfer 
of antitissue antibodies. The first is the same one registered in the case of 
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the tissue culture and incubation experiments cited previously, that 
leukemic leukocytes are suspected of harboring associated viruses (which 
may or may not be related to the etiology of the disease). Contaminating 
viruses have been reported in leukoses by Taylor and MacDowell (34) 
and by Law (35). If such a virus had been contained in the leukemic 
leukocytes used by Bichel and Holm-Jensen, the ‘‘antibodies”’ that were 
transferred between the parabionts couid well have been antivirus rather 
than antitissue bodies. The second possible objection is inherent in the 
method of parabiosis and involves the question of whether the resistance 
that was transferred from one parabiont to the other was of an active or 
passive nature. Although the exact time intervals between immunization 
of one parabiont and the challenging of the other were not always reported, 
it was probably a matter of from a few days to three weeks. Thus, 
circulating ‘‘antigen” could have caused an active immunization of both 
animals, especially if a cell fragment or particulate could be antigenic.‘ 
The results obtained could all be accounted for on this basis without the 
necessity of postulating a circulating resistance factor or antibody. It 
is evident that this difficulty is intrinsic in the method, since no matter 
how long the interval between immunization and parabiosis, active 
antigenic substances could still be circulating. It is interesting that in the 
one experiment of Bichel and Holm-Jensen in which the interval was 
long (43 days), no transfer of immunity wasfound. The authors explained 
this by assuming that the primarily inoculated animal had in that interval 
lost its own active immunity, but this assumption was not tested. 

The method used in the experiments reported here serves, in some 
measure, to overcome the active immunity difficulty. Had the skins 
grafted to immune from nonimmunized mice become actively immunized, 
the grafts taken from immunized mice would presumably have shown some 
immunity in nonimmunized hosts. 

There is another aspect of the Bichel and Holm-Jensen (36) experiments 
of the greatest importance. They showed quite conclusively that there is 
a vast difference between the results to be expected in cases of isologous, 
as opposed to homologous, parabiosis. By measuring the blood inter- 
change between parabionts with the aid of ‘‘tagged’’ erythrocytes, they 
showed that in the particular genetic combination they used, interchange 
was 50 to 100 times greater in the isologous systems. Furthermore, it 
was only in isologous and not in homologous parabiosis that they were able 
to show a transfer of immunity. On the basis of this information, some of 
the contradictory earlier reports can be reconciled. 

Since the data reported here support the hypothesis of a mobile or 
circulating resistance factor, it is incumbent to say a few words as to why 
it has often been difficult to demonstrate such a factor in the past. It 
seems that there are essentially three possible explanations: 1) The mobile 
factor does not circulate in the serum but is transported in association 
with a mobile cell such as the lymphocyte. 2) The mobile factor is not 


4 Despite the work of Barrett ($) with red cells, it cannot be assumed that only the intact cell is homologously 
antigenic when types of cells other than the red cell are used. 
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directly cytotoxic but represents only one link in a chain of resistance. 
3) The mobile factor is usually present in such low titer in the serum that it 
is difficult to detect by the methods now available. 

Experimental techniques can undoubtedly be devised to examine these 
possibilities, but at present there are no data to favor one or another 
of them. 


Summary and Conclusions 


The purpose of this paper is to offer experimental data giving support 
to the hypothesis of the existence of a mobile resistance factor in induced 
immunity to homologous tissue transplantation. In essence, the pro- 
cedure in each experiment consisted of immunizing half of the experimental 
mice (which were all of the same inbred strain) to a particular trans- 
plantable mouse tumor. Approximately one month after immunization, 
skin grafts were exchanged between the immunized and nonimmunized 
animals. Four to five weeks following skin grafting, the grafts in both sets 
of mice were challenged (i.e. inoculated intradermally) with a fragment of 
the tumor. This procedure was repeated in three separate experiments 
employing genetically different systems. 

The results were statistically highly significant. The tumor growths 
failed to exhibit any effects of an intragraft immunity in all series of non- 
immunized mice, regardless of the source of the skin grafts. They showed 
the effects of immunity in all series of immunized mice, again regardless of 
the source of the skin grafts. These results support the generalization 
that a specific mobile resistance factor does exist in homologous tissue 
transplantation in the mouse. No sessile resistance factor could be 
detected by the use of the methods employed. 

The implications of these findings were discussed in relation to the 
pertinent literature. 
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On the Factor of Age in the Production 
of Subcutaneous Sarcomas in Mice by 
20-Methylcholanthrene’ 


Erxri A. Saxftn, M.D.,? Research Fellow, Na- 
tional Cancer Institute,’ Bethesda, Md. 


The reaction induced by subcutaneously injected carcinogens is modi- 
fied by a number of factors including age variation (1, 2). The con- 
clusions reached regarding the importance of age in carcinogenesis are 
not in agreement, and some investigators believe that it is of no signifi- 
cance (3, 4). In one study (4) the latent period prior to development of 
a tumor appeared to be greater in young animals. Shimkin and Bryan 
(5) and Strong et al. (6) found that tumors developed earlier and in higher 
percentage in young animals than in old ones. The present paper deals 
with the experimental production of sarcomas in mice of different ages. 


Materials and Methods 


Male mice of strain C3H were used. The carcinogen was administered 
as a single subcutaneous injection in the right axillary region. The age 
groups were: a) 1- to 2-week-old mice, }) 3-month-old mice, and c) 
l-year-old mice. In one experiment a dose of 0.03 mg. of methylcho- 
lanthrene dissolved in 0.2 cc. of tricaprylin was injected into mice of the 
three groups. In a second experiment, a dose-weight ratio was employed 
using the same concentration of the carcinogen, so that the first group of 
mice (1 to 2 weeks old) received 0.0045 mg. of methylcholanthrene and 
the second group (3 months old) received 0.225 mg. of methylcholanthrene 
(no l-year-old mice being treated). The mice were examined twice a 
week. 

The animals were killed with ether and the tissues fixed in Zenker’s 
formol fluid. The tissues were embedded in paraffin and the sections 
prepared with hematoxylin and eosin, van Gieson’s, Masson’s trichrome, 
and Wilder’s silver impregnation methods, the periodic acid-Schiff reaction, 
and the phosphotungstic acid—hematoxylin stain. Studies were made of 
147 primary tumors and 41 transplanted tumors. 


1 Received for publication June 8, 1953. 
3 Present address: Central Institute for Radiotherapy, Helsinki, Finland. 
3 National Institutes of Health, Public Health Service, U. 8. Department of Health, Education, and Welfare. 
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DAYS AFTER INJECTION 


TEXT-FIGURE 1.—Incidence and induction time of tumors. 


Results 


The results are tabulated in table 1 and presented graphically in 
text-figures 1 and 2. 

Incidence of tumors—The same amount of carcinogen produced the 
same number of tumors in mice 1 to 2 weeks old as in mice 3 months old 
(91.8 and 92.7 percent respectively), but in 1-year-old mice the incidence 
of tumors was only 43.7 percent. When the dose-weight ratio was em- 
ployed the tumor incidence was much lower (26.5 percent) in mice 1 to 2 
weeks old receiving 0.0045 mg. of methylcholanthrene than it was in 
3-month-old mice receiving 0.03 mg. of methylcholanthrene (92.7 percent). 
The incidence of tumors in mice 3 months old receiving larger doses (0.225 
mg. of methylcholanthrene) was 97.2 percent, corresponding to 91.8 
percent in mice 1 to 2 weeks old receiving 0.03 mg. of the carcinogen. 

Incidence of different types of tumors.—Most of the myoblastic sarcomas 
were found in mice injected at 1 to 2 weeks of age. In this group, the 
myoblastic sarcomas constituted 41 percent of the induced tumors, 
whereas in mice 3 months of age receiving the same dose only 8.8 percent 
of the tumors were myoblastic sarcomas, and in mice 1 year old only 7.1 
percent. 

About half of the induced tumors in all experimental groups were 
rhabdomyosarcomas. In the year-old mice 42.9 percent of the induced 
tumors were spindle-cell sarcomas, while in mice 3 months of age 32.4 
percent were spindle-cell tumors, and only 14.5 percent were spindle-cell 
type in mice 1 to 2 weeks old. 
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DAYS AFTER INJECTION 


TEXT-FIGURE 2.—Induction time of various types of tumors in different groups of 
mice. MbS=myoblastic sarcoma. RMS=rhabdomyosarcoma. SS=spindle-cell 
and round-cell sarcomas. 
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The 3-month-old mice that received the larger doses of carcinogen 
showed a slightly higher incidence (14.3 and 67 percent) of myoblastic 
sarcomas and rhabdomyosarcomas than did mice of the same age given 
lower doses (8.8 and 58.8 percent). In the group of mice 1 to 2 weeks old 
that received the smaller dose, 9 tumors were induced and only one of 
these was a myoblastic sarcoma. 

Induction time of tumors.—The induction time of tumors varied from 30 
to 360 days. When using the same amount of carcinogen for different 
ages, the mean induction time for tumors in 1-year-old mice and 3-month- 
old mice was about the same (147 and 140 days), but in mice 1 to 2 weeks 
old it was only 107 days. The time required to obtain 50 percent inci- 
dence of tumors in the older age groups was 117 and 118 days. Among 
the mice 1 to 2 weeks old, 50 percent of the animals developed tumors 20 
days earlier (at 97 days). When the dose-weight ratio was employed, the 
induction time in 1- to 2-week-old mice receiving only 0.0045 mg. of the 
carcinogen was found to range from 70 to 250 days (mean 168), corre- 
sponding to a mean of 140 days in 3-month-old mice receiving 0.03 mg. 
of the carcinogen. When the 3-month-old mice received a larger dose 
(0.225 mg.), the mean induction time was shortened from 140 to 95 days, 
corresponding to 107 days in mice 1 to 2 weeks of age receiving 0.03 mg. 
of carcinogen. 

Induction times for different types of tumors. —In all experimental groups, 
the induction time for myoblastic sarcomas was shorter than that for the 
other tumor types (text-fig. 2). However, the variation within any one 
experimental group was considerable. Thus, in the mice 1 to 2 weeks old, 
the first myoblastic sarcoma appeared 40 days after injection, and the 
last tumor at 250 days after injection of the carcinogen. Most of the 
myoblastic sarcomas appeared between 2 and 3 months after the injection. 
The peak of the incidence of rhabdomyosarcomas was 4 months after the 
injection, and that of spindle-cell and round-cell sarcomas usually a little 
later. It is interesting to note that the induction time of the same type of 
tumor did not vary significantly in the different experimental groups. 
The greatest difference in the different age groups was, therefore, not in 
the induction time of tumors, but in the incidence of the different types 
of tumors. 

Histology of induced tumors.—The histology of the induced sarcomas 
varied greatly. Many tumors were composed principally of spindle cells 
and round cells, while others appeared to consist chiefly of modified 
skeletal muscle fibers, muscle giant cells, and myoblasts. The tumors 
were separated, according to the type of tissue comprising the greater 
part of the growth, into three groups: 1) myoblastic sarcomas, 2) rhabdo- 
myosarcomas, and 3) spindle-cell and round-cell sarcomas. 


Myoblastic Sarcomas 


The myoblastic sarcomas (figs. 1 to 5) were always adherent to striated 
muscle and revealed evidence of proliferation of the nuclei of cells resem- 
bling muscle fibers. These were distinguished from the nuclei of sar- 
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colemma by the smaller amount of chromatin they contained, and they 
regularly showed one or two distinct nucleoli. No mitotic figures were 
found inside the old sarcolemma. The nuclei were arranged in rows, 
closely packed together, and deeply embedded in the striated fibers. 
The nucleus was surrounded by a zone of faintly stained cytoplasm in 
which no striation could be seen. This perinuclear zone had a purplish 
blue tint in hematoxylin-eosin preparations, in striking contrast to the 
eosinophilic muscle substance of the unaltered areas and of the degener- 
ating muscle fibers. In sections treated with Masson’s trichrome stain, 
the zone appeared reddish blue in contrast to the red color of normal 
muscle fibers. Some of these tumors, therefore, resembled hyperplastic 
muscle regeneration. Most of the tumors, however, were composed of 
large round cells with homogeneous or finely granular cytoplasm and a 
delicate cell membrane. These round cells usually possessed a single 
nucleus, although some of the larger cells contained two or three nuclei. 
The nuclei were large and vesicular, and contained a single very prominent 
nucleolus. Evidence was found which seems to indicate that these large 
round cells called myoblasts may have been derived from regenerating 
muscle fibers. 

Some of the tumors were pleomorphic with respect to cell types, and 
mitotic figures were numerous. The nuclei were darkly stained, and the 
cytoplasm less abundant. A single, deeply basophilic nucleolus was a 
prominent feature of these cells and some smaller basophilic masses were 
usually present in the nucleus. The cytoplasm was negative to the 
periodic acid-Schiff reaction, and no cross striation was observed. These 
pleomorphic cells resembled very closely the myoblasts seen in other 
parts of the tumor, both in morphology and tinctorial properties. The 
reticulum was scarce and surrounded single cells and groups of cells. 
Tumors of this group have been subdivided into uniform and pleomorphic 
myoblastic sarcomas. 


Rhabdomyosarcomas 


The histologic picture of these tumors (figs. 6, 7) was usually very 
different from that of the tumors called myoblastic sarcomas. The large 
rounded cells with distinct cell membranes were lacking. The tumors 
were made up of large spindle-shaped cells, extremely variable in size and 
shape and, in some areas, arranged in conspicuous bands. Scattered 
giant cells were found, which were round, oval or straplike (fig. 6). They 
had a relatively large amount of cytoplasm, which was homogeneous or 
finely granular. Unequivocal cross striation was not observed in any of 
the tumors, but fine longitudinal myofibrils were seen in some. In addi- 
tion to the giant cells and large spindle cells, small cells with dark round 
or oval nuclei were also found (fig. 7). The stroma was inconspicuous 
and the tissue consisted almost entirely of tumor cells, between which 
were a few thin-walled blood vessels. The reticulum was coarse and 
surrounded larger cell groups between which no reticulum could be seen. 
The tumors were diagnosed as rhabdomyosarcomas. 
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Spindle-Cell and Round-Cell Sarcomas 


No myoblasts or skeletal muscle elements were found in these tumors 
(figs. 8 to 13). The tumors were composed of pleomorphic round cells 
or spindle cells arranged in conspicuous bands and interlacing bundles. 
The nuclei were usually smaller than in the preceding groups and mitoses 
were numerous. The collagenic material varied in amount but was usually 
scanty. A few tumors, however, were rich in collagenic fibers, in many 
of which fibroglia could be demonstrated by the phosphotungstic acid- 
hematoxylin stain. This seemed to indicate that these tumors belonged 
to the fibrosarcomas. In the majority of tumors, no fibroglia could be 
demonstrated. The reticulum fibers varied in thickness and formed a 
meshwork embracing cell groups and single cells. These spindle-cell and 
round-cell sarcomas comprise a heterogeneous group. 

Transplantation experiments.—(Figs. 14, 15.) All of the 8 primary 
tumors transplanted in mice of the strain of origin grew successfully. 
Of these primary tumors, 4 were myoblastic sarcomas, 3 rhabdomyosar- 
comas, and 1 a spindle-cell sarcoma. The 35 first-generation transplants 
and 6 second-generation transplants were studied. Of the first-genera- 
tion transplants, 10 had been transplanted in mice 1 to 2 weeks old, 18 
in 3-month-old mice, and 7 in l-year-old mice. All of the second-genera- 
tion transplants were placed in 3-month-old hosts, and all were derived 
from a primary myoblastic sarcoma induced in a 2-week-old mouse and 
transplanted to a 3-month-old mouse. 

In all cases the transplants had the same histologic pattern as the pri- 
mary tumor. The age of the host did not modify the morphology of the 
transplanted tumor, and the sections from tumors transplanted subcuta- 
neously and intraperitoneally were similar. When a suspension of tumor 
cells or a piece of tumor was used for transplantation, the tumors also 
had the same histologic pattern. 


Discussion 


In the present study, significant variations were noted in the incidence, 
induction time, and histology of tumors induced in mice of different ages 
by subcutaneous injection of methylcholanthrene. 

Young mice seem to be more susceptible to the induction of tumors 
with a given dose of carcinogen than do older mice, and myoblastic 
sarcomas are more commonly induced in young mice. Before assuming 
that the cells of a younger animal respond to carcinogen in a different 
way than cells of an older animal, many other possible factors should be 
considered. 

When the same dose, i.e. the same amount of carcinogen in the same 
concentration, is injected into mice of different age, it is logical to assume 
that the number of cells that come into direct contact with the carcinogen 
is the same at all ages. However, in young and small mice, the amount 
of carcinogen is much greater per gram of body weight of the mouse than 
it is in older and larger mice. It should also be noted that even if the 
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number of cells that come into contact with the carcinogen were the same 
in young and old animals, the types of cells may be different, and thus 
the histogenesis of induced tumors may vary. 

More cells may be transformed into tumor cells if the carcinogen stays 
longer at the injection site, and the possibility of affecting a cell is greater. 
This would be the case if the rate of elimination of the carcinogen were 
different in different ages. No reports of any investigation of this point 
have been found. 

It has been shown that if the mean induction time be plotted versus 
the reciprocal concentration, the resulting curve is a straight line (7, 5). 
It has also been shown that the induction time is directly proportional 
to the length of time the methylcholanthrene-cholesterol pellets are 
permitted to remain in situ (8). In the present study, the higher incidence 
and the shorter induction time noted in younger animals could thus well 
be the result of a longer elimination period of the carcinogen in younger 
animals. This assumption is supported by the fact that tumors in mice 
1 to 2 weeks old were more evenly distributed in relation to the induction 
time, and by the fact that this was also the case when the larger dose 
was used for the 3-month-old mice. This explanation, however, hardly 
explains the differences noted between the 3-month-old mice and the 
l-year-old mice. 

That the rate of elimination of the carcinogen is not the only important 
factor is shown by the studies of Weil-Malherbe (9, 10), who found that 
by using benzpyrene-tricaprylin solution the rate of elimination of benz- 
pyrene is accelerated when the solvent contains cholesterol, and that this 
is associated with a higher carcinogenic activity. When the solvent 
contained phospholipid, the rate of elimination was increased and the 
carcinogenic activity diminished. 

In the present study it was noted that the induction time of myoblastie 
sarcomas in all experimental groups was significantly shorter than that 
of tumors of the other types. It was also found that the induction time 
of the different types of tumors did not vary significantly in the different 
experimental groups. Taking into account also that the proportion 
of myoblastic sarcomas in the group of mice 1 to 2 weeks old was much 
greater than in the older age groups when the same dose was used, we may 
say that the main difference in response to carcinogen between the mice 
1 to 2 weeks of age and the mice 3 months of age was not in the incidence 
of tumors and not in the induction time of tumors, but in the histology 
of the induced tumors. The proportion of different types of tumors 
was almost the same in 3-month-old mice and 1-year-old mice, and thus 
the main difference between these age groups was in the incidence of 
tumors. 

When dose-weight ratio was employed, increasing the dose for 3-month- 
old mice, the over-all incidence was about the same but the frequency 
of different tumor types was different in that the relative number of tumors 
with muscle elements was increased. When use of the dose-weight 
ratio decreased the dose for mice 1 to 2 weeks old, only 9 tumors (27 
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percent) were induced and only one of these was a myoblastic sarcoma. 
Thus, it seems as if the frequency of different tumors was not so much 
due to the age of the animal as to the amount of carcinogen used. 

Histogenesis of the induced tumors.—From the microscopic study of the 
induced tumors it becomes evident that at least three different types of 
tumors were produced. In two of these types muscle elements were 
present, in the third they were lacking. The question arises, whether 
the muscle elements represent the early reaction of muscle to injury by 
the carcinogen or represent only the early regeneration of skeletal muscle. 
Whether or not these tumors are true muscle tumors with, perhaps, a 
malignant dedifferentiation of the affected muscle elements into spindle 
cells and round cells is also open to question. Speculations have been 
published for (11) and against (12) the latter possibility. 

Many sarcomas were found in the present series in which muscle ele- 
ments formed the greatest part of the tumor. Areas were seen where the 
picture was that of a very active muscle regeneration (fig. 4), marked 
proliferation of muscle nuclei inside the old sarcolemma (figs. 16, 17), and 
formation of myoblasts with distinct cell limits and usually one (but 
occasionally two or three) nuclei. This picture changed gradually into 
areas where the size of the cells varied, nuclear polymorphism was seen, 
and atypical mitoses were found. There was, therefore, an unusually 
active and excessive muscle regeneration which extended into the adjacent 
tissues. It is impossible to prove a direct connection between the pleo- 
morphic round cells and the myoblasts, but the appearance suggests that 
the muscle cells could be dedifferentiating into malignant round cells and 
spindle cells. 

In normal muscle regeneration (13) the nuclei within the newly formed 
muscle cells multiply, and when there are 2 to 6 nuclei in the cells, the 
cytoplasm begins to differentiate and fine longitudinal striation can be 
seen. In two tumors some maturation was suggested by the formation 
of fine longitudinal fibrils and by the greater length of the cells (fig. 18). 
In most tumors nothing indicating differentiation could be observed and 
the whole picture appeared to be formation of myoblasts and “‘dediffer- 
entiation” of these into pleomorphic round cells and spindle-shaped cells. 

The histology of the primary tumors diagnosed as myoblastic sarcomas 
is thus easily explained by regarding them as true muscle tumors. How- 
ever, no final proof can be obtained, and the so-called “transitional forms”’ 
may be artifacts. It is also known that the invaded tissues are some- 
times stimulated into a proliferation that may be indistinguishable from 
neoplasia (14). 

In the transplantation experiments it was found that the first- and 
second-generation transplants were all similar to the primary tumor. 
The histology of the transplant was not influenced by the age of the host. 
Thus, the histology of the transplanted tumors may be taken as support- 
ing the muscle origin of the primary tumor. There are, however, other 
explanations as well. The muscle elements in transplanted tumors may 
be derived from the host muscle or from regenerating muscle fibers that 
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were transplanted with the tumor. The possibility that the tumor 
suspension contained sufficient carcinogen to produce regeneration or 
neoplasia of the host muscle is minimal. 

Against the possibility of collateral hyperplasia of muscle invaded by 
the transplanted tumor is the fact that myoblast-like cells were found also 
in tumors transplanted into the peritoneal cavity. It should also be 
pointed out that tumors of the other types, when transplanted, never 
induced collateral hyperplasia of invaded muscle. Therefore, it is logical 
to assume that the muscle elements found in transplanted tumors have 
originated from the transplanted cells. 


Summary and Conclusions 


One hundred forty-seven sarcomas were produced following sub- 
cutaneous injection of 20-methylcholanthrene into mice of three different 
age groups: 1 to 2 weeks, 3 months, and 1 year. 

The difference found between mice 3 months and 1 year of age in 
response to carcinogen is chiefly in the incidence of tumors. The inci- 
dence is lower in year-old mice, indicating that the tissues of a senescent 
animal are less susceptible to malignant transformation than the tissues 
of fully developed younger animals. The frequency of the different 
histologic types of tumors is about the same. 

The main difference between mice 1 to 2 weeks old and mice 3 months 
of age is in the histology of induced tumors. When the same dose of 
carcinogen is used in the very young mice, either more tumors of true 
myoblastic origin or more tumors with a definite myoblastic proliferation 
are induced. 

The histologic differences found are not, however, necessarily due to 
the age of the animal, for it cannot be concluded without reservation 
that the subcutaneous tissue of a very young and rapidly growing animal 
is more prone to sarcomatous transformation after methylcholanthrene 
injection than is the subcutaneous tissue of fully developed animals. 
When the same amount of carcinogen is injected into a small animal, 
more muscle tissue comes into direct contact with the carcinogen than in 
an older animal. Therefore, the greater number of tumors of muscle 
origin or of tumors with a strong myoblastic proliferation in the young 
mice may be explained by the greater amount of regenerating muscle 
tissue that comes into contact with the carcinogen. 
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PLATE 38 


Figure 1.—Uniform myoblastic sarcoma infiltrating below the epidermis. Hema- 
toxylin and eosin. X 190 

Figure 2.—Same tumor as in figure 1. Reticulum shown by Wilder’s silver impreg- 

nation method. xX 500 


Figure 3.—Same tumor as in figures 1 and 2. High-power view of large cells re- 


sembling myoblasts. Hematoxylin and eosin. X 500 
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PLATE 39 


Figure 4.—Pleomorphie myoblastic sarcoma. Proliferation of muscle nuclei and 
pleomorphic round cells resembling myoblasts. Hematoxylin and eosin. < 500 


Figure 5.—Pleomorphic myoblastic sarcoma. An area with many mitotic figures 
and marked polymorphism of cells. Hematoxylin and eosin. 610 


Ficgtre 6.—Rhabdomyosarcoma. Giant cells and pleomorphic spindle cells. Hema- 
toxvlin and eosin. < 610 


Ficgtre 7.—Rhabdomyosarcoma. Pleomorphie spindle cells with prominent nucleoli 
and smaller spindle-shaped cells with hyperchromatic nuclei. Hematoxylin and 
eosin. 610 
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PLATE 40 


FiGtre 8.—Spindle-cell sarcoma of probable muscle origin. Hematoxylin and eosin. 


610 
Figure 9.—Reticulum of a spindle-cell sarcoma. The reticulum suggests a muscle 
origin. Wilder’s silver impregnation method. X 260 
Figure 10.—Round-cell sarcoma. The myoblastie origin is probable. Hematoxylin 
and eosin. X 500 
Figure 11.—Reticulum of the same tumor shown in figure 10. Wilder’s silver im- 


pregnation method. 500 
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PLATE 41 
FIGURE 12 teticulum of a spindle-cell sarcoma that is infiltrating muscle. Wilder’s 
silver impregnation method. X 500 
Ficure 13.—Round-cell sarcoma infiltrating muscle. Hematoxylin and eosin. 610 


Figure 14.—Rhabdomyosarcomatous area in myoblastic sarcoma transplanted into 
the abdominal cavity. Hematoxylin and eosin. 500 


Figure 15.—Myoblastic sarcoma transplanted into the abdominal cavity. Hema- 
toxvlin and eosin. X 500 
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PLATE 42 


Figure 16.—Nuclear proliferation inside the old sarcolemma and formation of muscle 
cells. Hematoxylin and eosin. X 500 


Figure 17.—Very active muscle regeneration and pleomorphic round cells resembling 
myoblasts. Hematoxylin and eosin. 500 
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PLATE 43 
FIGURE 18. 


Neoplastic muscle regeneration and formation of primitive spindle cells 
Some maturation is indicated by the formation of fine longitudinal muscle fibrils 
and by the considerable length of the cells. Hematoxylin and eosin. 500 
Figure 19.—Muscle regeneration. Hematoxylin and eosin. 


610 
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Induction of Liver Tumors in Rats Fed 
p-Dimethylaminobenzene-1-Azo-2- 
Naphthalene ' 


AmBApDAS S. Muay and Cuarues C. Conepon, 
National Cancer Institute,? Bethesda, Md. 


Tumors of the liver, forestomach, and skin have been produced in rats 
fed p-dimethylaminobenzene-1-azo-1-naphthalene (DAN) by Mulay and 
Firminger (1, 2). The related B-azonaphthalene compound p-dimethyl- 
aminobenzene-1-azo-2-naphthalene (DA-2-N) produced hemangioendo- 
theliomas of the skin and liver tumors when painted on C57BR mice (3). 
Kinosita (4) failed to produce tumors in rats fed DA-2-N. 

This paper reports the successful induction of liver tumors in Osborne- 
Mendel rats by feeding DA-2-N, and the failure to produce tumors by 
painting the skin of the same strain of rats with the same azo compound. 


Materials and Methods 


The feeding experiment.—Fifty-one Osborne-Mendel rats, 3 to 4 months 
old, 35 males and 16 females, were fed a semisynthetic diet containing 
0.075 gm. of DA-2-N per 100 gm. of food, for 230 days. The animals were 
returned to a diet of Purina laboratory chow pellets at the end of this 
period. The composition of the semisynthetic diet and the method of 
incorporating a carcinogen into it were reported previously (1). 

Beginning 5 months after the start of the experiment, a few animals 
were sacrificed every month, so that tissues were available for study of 
progressive changes. All animals were examined biweekly for palpable 
tumors and the date recorded when a tumor was first noted. When an 
animal appeared sick or had a large tumor it was selected for autopsy. 
The last animal was sacrificed 16 months after the start of the experiment. 
The icterus index and serum bilirubin were determined on every animal 
just before autopsy. 

The gross diagnosis of tumor was confirmed by histologic study in 
every animal. A histologic section was examined from each conspicuous 
tumor and many more sections were examined from nontumorous parts of 
each liver. When a tumor was very large, several sections from different 
areas were taken. No attempt was made to take sections from every 
small tumor. Sections were also examined from the lungs, spleen, 

1 Received for publication June 12, 1953. 
2 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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stomach, kidneys, adrenal glands, pancreas, and gonads. When observed, 
metastatic masses were always taken for microscopic study. The tissues 
were fixed in 10 percent formalin, Zenker’s acetic fluid or Zenker’s formol. 
Microscopic sections were routinely stained with hematoxylin and eosin. 
Skin-painting experiment.—Ten Osborne-Mendel rats (5 males and 5 
females) were painted twice a week for 18 months with a 1-percent 
solution of DA-2-N in benzene. Assuming that about 0.5 ml. of the 
solution was painted on the skin at each application, each rat received 
a total calculated dose of about 780 mg. of the azo dye. These rats were 
kept on a regular laboratory diet of Purina laboratory chow, and examined 
periodically for skin lesions. At the end of the experimental period all 
the animals were sacrificed. The skin at the site of the painting and the 
liver were examined histologically. Tissues that were examined and the 
method of preparation were the same as in the feeding experiment. 


Results 


Lesions of the rats fed DA-2-N.—The types of hepatic lesions produced 
and their frequencies, in the rats fed DA-2-N, have been tabulated in 
table 1. 


TABLE 1.—Types of tumors induced by p-dimethylaminobenzene-1-azo-2-naphthalene 
(DA-2-N) compared with those induced by p-dimethylaminoazobenzene (DAB) or 
p-dimethylaminobenzene-1-azo-1-naphthalene (DAN) (1). Number of rats with the 
lesion per 100 rats surviving the induction period is recorded. 














l ] 
Lesion | DA-2-N | DAN | DAB 
| 
SEO OLE ACE CEC ET Tr EE | 74 72 28 
NN, ee ee 12 17 35 
ee ee, ee | 66 15 67 
LS, ob Soap. casera eunlatehan phe wrecavkvs 10 17 nee 
eee ee ee ee ee 62 42 39 
Number of peritoneal implant sites*............ | 148 11 37 











*All the implants on one organ are counted as one implant site. Mean time lapse between the first palpation 
of a liver tumor and the sacrifice of that rat was about the same in each group of animals. However, all the 
figures in this table are viewed as possible trends and not as quantative differences in the behavior of the carcino- 
gens used. 

The first rat died 18 days after the start of the feeding experiment. 
It had no evidence of a liver tumor. A second rat that died at 59 days 
showed several small tumors. All the remaining 49 rats developed 
palpable tumors which were discovered on periodic examination and con- 
firmed at autopsy. Four of the 49 rats had clinically palpable tumors 
developing between the 5th and 7th month, twenty-eight between the 
7th and 9th, twelve between the 9th and 11th, and five between the 11th 
and 13th months. This is graphically illustrated in text-figure 1, and on 
this graph is superimposed a similar graph showing the incidence of tumors 
induced by p-dimethylaminoazobenzene (DAB), previously reported (1). 
The great similarity in the tumor incidence resulting from these two com- 
pounds is apparent from the crosshatched area of the overlap. No sex 
difference was found in morphology or incidence of the tumors. 
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TEXT-FIGURE 1.—Time of development of palpable liver tumors in Osborne-Mende 
rats fed p-dimethylaminobenzene-1l-azo-2-naphthalene (DA-2-N) superimposed on 
similar chart showing DAB-induced tumors (1). The same molal concentration of 
the respective azo dye was fed for the same length of time under similar conditions 
in these two experiments. The crosshatching shows areas of overlap and thus the 


essential similarity of the time distribution of the tumor incidence from these two 
compounds. 


On gross examination, the earliest tumors appeared as discrete pinpoint 
lesions, clearly separated from the surrounding cirrhotic liver. On later 
examinations large areas of liver were seen to be replaced by nodular gray 
masses of tumor tissue (figs. 1, 3). The liver of every autopsied animal 
(except the one dying after only 18 days) had multiple small tumor nodules 
and most of the livers also had one or more large tumors. The largest 
tumor measured 7 X 5 X 5 cm. and weighed 67 gm. (about 20 percent of 
the body weight of the host). In 10 other rats there were massive tumors 
large enough to make up 10 to 20 percent of the body weight of the tumor- 
bearing animal. The cut surface of the small tumors was grayish white 
and firm. In larger tumors, necrosis, hemorrhage, and areas of lique- 
faction were common. The noncancerous liver tissue usually showed 
nodular portal cirrhosis and was often noted to have a yellow color. 
Small cysts were frequent. A bloody ascitic fluid was observed in one- 
third of the rats. In some instances it amounted to 30 to 40 cc. The 
icterus index of the blood was elevated to 15 to 30 units and the bilirubin 
content to 1 to 5 mg. per 100 ml. of serum in 20 percent of the animals. 
The rest of the animals had an icterus index of 4 to 5 units and no eleva- 
tion in their serum bilirubin. The normal icterus index in Osborne- 
Mendel rats is one unit or less, with no measurable quantity of bilirubin. 
Bile staining of the organs was noted in many experimental animals. 

Seventy percent of the animals had peritoneal spread of the tumor. 
This was massive and widespread in some rats (fig. 2). The omentum, 
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diaphragm, spleen, pancreas, stomach, kidneys, adrenal glands, and testes 
were involved. Pulmonary metastases (fig. 3) were found in 31 percent 
of the animals. However, most of these pulmonary metastases were noted 
on microscopic examination only. Bronchiectasis was frequent, as it 
often is in groups of old rats, but other organs usually appeared grossly 
normal. 

Microscopically the livers showed a series of changes. The liver of the 
animal dying at 59 days showed diffuse necrosis in addition to small 
hepatomas. Portal cirrhosis, vacuolar changes in small scattered areas, 
intralobular bile-duct proliferation, bile-duct dilatation and cyst forma- 
tion, cholangiofibrosis in scattered areas, foci of extramedullary hemato- 
poiesis, and pigment deposits within macrophages were found in areas of 
the liver not involved by tumor in rats kept on the carcinogenic dict for 
59 days or longer. 

The liver tumors histologically resembled those previously described 
for DAN and DAB (1). The majority of the tumors examined micro- 
scopically were classified as hepatomas. The next largest group was 
cholangiohepatoma (fig. 4). Very few tumors were either pure cholangio- 
carcinoma (fig. 5) or completely undifferentiated. All very large tumors 
were cholangiohepatomas, or pure hepatomas. All types could usually be 
found in the same liver, and hepatoma was usually the most frequent. In 
a few large cholangiohepatomas there were areas showing spindle-cell 
transformation of the tumor cells (fig. 6). 

Slight to moderate mucin formation was commonly seen in cells lining 
the tubules of cholangiocarcinoma. Extensive necrosis and hemorrhage 
were found in the large tumors. Cartilage and osteoid were occasionally 
seen in the stroma of a few large tumors. Small foci of hematopoiesis 
were commonly seen in both large and small neoplasms. 

The peritoneal spread of the liver tumors appeared generally to be the 
result of direct implantation on serosal surfaces, but sometimes invasion 
of lymphatics and blood vessels was seen microscopically. Histologically 
the implants were frequently of the cholangiohepatoma type. An un- 
differentiated carcinoma pattern was often present in the tumor implants. 
Epithelial mucin was often seen in the tumor nodules. 

Tumor emboli of the hepatoma type were found in the pulmonary ves- 
sels in many animals. In a few animals metastases replaced large areas 
of pulmonary tissue. In table 1, the emboli and metastases are grouped 
under the heading “Metastases to lungs.” 

A variety of changes were observed in the other organs examined histo- 
logically. Bronchiectasis or chronic bronchitis was found in nearly all 
animals. In most of these rats tiny microscopic foci were observed in the 
lungs in which the alveolar walls were lined by cuboidal cells with large, 
darkly staining nuclei. These lesions were interpreted as the end stage 
of a focal inflammatory process. Spermatogenesis was reduced in most 
of the testes examined. Hyperplasia of the hematopoietic tissue in the 
spleen was found regularly, and there was moderate hemosiderosis. 
Superficial ulceration of the glandular stomach was occasionally seen and 
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the squamous epithelium of the forestomach rarely showed focal atypical 
hyperplasia. 

Histopathology of the rats painted with DA-2-N.—The 10 rats receiving 
the prolonged skin painting with 1-percent DA-2-N in benzene failed to 
develop either subcutaneous hemangioendothelioma, or tumor lesions in 
the liver as were observed in similarly treated mice in this laboratory (3). 
The livers in these rats were normal on gross and microscopic examination. 
At the site of the painting the epidermis showed atrophy, the hair follicles 
disappeared, and sebaceous glands were absent. These changes were 
probably related to the action of the benzene solvent. 


Discussion 


p-Dimethylaminobenzene-1-azo-2-naphthalene (text-fig. 2-F) induced 
various types of liver tumors with metastases to lungs and implantation 
metastases on many organs in the peritoneal cavity in Osborne-Mendel 
rats. It was interesting to compare the carcinogenic effects of this new 
carcinogen with that of similar compounds tried by other investigators 
to induce tumors in animals. Structural formulas of these compounds are 
shown in text-figure 2. 

Fisher (5) in 1906 produced atypical epithelial proliferation of the skin 
with scarlet red (text-fig. 2-G), a dye containing an azonaphthol radical. 
Kirby and Peacock (6) induced liver tumors in mice with Sudan 1, a 
benzeneazo-2-naphthol (text-fig. 2-H). Cook et al. (7) produced more 
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TEXT-FIGURE 2.—Azo dyes and naphthylamines referred to in the text. 
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liver tumors in mice by feeding, painting, or injecting 2:2’-azonaphthalene 
(text-fig. 2-D) than with 1:1’-azonaphthalene (text-fig. 2-C). Liver 
tumors have not been reported in rats with any of these azonaphthalene- 
containing compounds. Sudan II, Yellow AB, and Yellow OB, all dyes 
similar to Sudan 1, did not produce tumors (8). 

8-Naphthylamine (text-fig. 2-B) induced bladder tumors in rabbits (9), 
rats (10), dogs (11), and guinea pigs (12) ; while a-naphthylamine (text-fig. 
2-A) did not (8). Therefore, it was of interest to compare the carcino- 
genic activity of DA-2-N (text-fig. 2-F), a B-azonaphthalene, to that of 
DAN (text-fig. 2-E), an a-azonaphthalene. As reported previously (1) 
the induction period * for DAN-induced tumors was 335 days, while that 
for DA-2-N-induced tumors was 150 days. Seventy-four percent of the 
DAN-induced tumors were found in 19 months, while 85 percent of the 
DA-2-N-induced tumors were found in only 11 months. As the concen- 
tration of DA-2-N in food (0.075 percent), the duration of its ingestion 
and the mean daily food intake per animal was the same as that for DAN, 
DA-2-N showed higher carcinogenic potency than DAN as judged by 
these criteria. This is in keeping with the reported higher carcinogenic 
activity of 8-naphthylamine (text-fig. 2-B) and 2:2’-azonaphthalene (text- 
fig. 2-D) than that of a-compounds. Induction period for tumors in- 
duced by DAB (text-fig. 2-I) was 150 days and 85 percent of these tumors 
appeared in 11 months (text-fig. 1). DA-2-N was very similar to DAB 
in its induction period and the speed with which the tumors appeared. 

The types of liver lesions produced with DA-2-N in rats and the fre- 
quency of each lesion are tabulated in table 1. They are compared with 
similar figures obtained for DAB and DAN in a previous study (1), 
carried out under identical conditions. DA-2-N induced hepatoma in at 
least 74 percent, cholangiohepatoma in at least 66 percent, cholangio- 
carcinoma in at least 12 percent, and undifferentiated tumor in at least 
10 percent of the tumor-bearing rats. This azo dye produced lung metas- 
tases in 62 percent of the animals and tumor implants at 148 sites (organs) 
per 100 animals. DA-2-N behaves like DAN in its frequency of hepatoma 
and undifferentiated type of tumor, and like DAB in its frequency of mixed 
tumors. It differs from both DAN and DAB in producing large areas of 
cholangiocarcinoma, ascitic fluid, icterus of both tissues and serum, and 
a much greater frequency of intraperitoneal implants. 

In this laboratory it was observed (13) that DAN induced liver tumors 
in about 75 percent of males but in only 18 percent of Osborne-Mendel 
females. Morris et al. (14) observed that male rats of strain A X C were 
considerably more susceptible than females to development of hepatoma 
by injection of 2-diacetylaminofluorene. Therefore, it was of interest to 
note that no sex difference was observed in induction of hepatomas with 
DA-2-N in this small series (16 females and 35 males) of Osborne-Mendel 
rats. All the females developed liver tumors. Time of incidence, induc- 
tion period, size of tumors, and number of metastases and implants are 


3 Induction period is defined as the interval of time between the beginning of treatment with a carcinogen and 
the appearance of the first palpable tumor, in the group of animals so treated. 
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similar to those in the males. It is possible that administration of a lower 
concentration of the dye for a shorter time may bring out sex differences if 
any, in the susceptibility of the Osborne-Mendel rats to DA-2-N. 
DA-2-N, a B-azonaphthalene compound, rarely induced atypical hyper- 
plasia in the forestomach of the rat, though DAN, an a-azonaphthalene 
compound, had induced a series of forestomach changes including squa- 
mous-cell carcinoma (2). This failure to develop severe forestomach 
lesions with DA-2-N, may be due to earlier development of liver tumors 
with this compound. The changes observed in other organs of rats fed 
DA-2-N were not specifically determined to be due to the carcinogen. 
The occasional stomach lesions may have been related to the carcinogen. 
Splenic and testicular changes may be related indirectly to the treatment. 
Osborne-Mendel rats painted with DA-2-N showed atrophy of the 
epidermis and subcutaneous glands, but neoplastic changes were not 
observed. In mice, however, skin painting with this compound produced 
hemangioendotheliomas at the site of painting (3). 


Summary 


p-Dimethylaminobenzene-1l-azo-2-napthalene (DA-2-N), when fed to 
Osborne-Mendel rats, induced liver tumors in 100 percent of the 49 rats 
that lived 2 months or more after the start of the experiment. The first 
tumor induced by this azo compound was palpated about 150 days after 
the start of the experiment and 90 percent of the tumors appeared by 330 
days. 

This carcinogen induced hepatomas, cholangiocarcinomas, cholangio- 
hepatomas, and undifferentiated tumors. Usually more than one type of 
tumor was present in one animal and often all types were found in the 
same animal. A study based on several liver sections from each animal 
revealed that at least 74 percent of the tumor-bearing animals had 
hepatomas, at least 66 percent had cholangiohepatoma, and at least about 
10 percent each had cholangiocarcinoma and undifferentiated tumor. 
DA-2-N resembles DAN in its incidence of hepatoma and undifferentiated 
tumor. It resembles DAB in its shorter induction period and the inci- 
dence of cholangiohepatoma. Unlike DAN, DA-2-N failed to induce 
severe forestomach lesions. 
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PLATE 44 


Typical tumors produced by feeding p-dimethylaminobenzene-1-azo-2-naphthalene 
(DA-2-N) to Osborne-Mendel rats for 230 days 


Figure 1.—Large tumor replacing entire lobe of liver on the left side of the photo- 
graph. Many small tumor nodules in the remaining liver. XX 1 


Figure 2.— Multiple tumor nodules on the omentum in a rat which had large and 
small liver tumors. The large tumor has been removed. X 1 
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PLaTE 45 
2-na ph- 


Typical tumors of the liver produced by feeding p-dimethylaminobenzene-1-azo- 
thalene (DA-2-N) to Osborne-Mendel rats for 230 days. 


Figure 3.—Extensive pulmonary metastases from the large liver tumor seen in the 
right portion of the figure. 1 
fairly sharply 


165 


Figure 4.—Cholangiohepatoma showing an area of cholangioma 
Hematoxylin and eosin. 


hepatoma. 


demarcated from surrounding 
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PLATE 46 


Tumors of the liver produced by feeding p-dimethylaminobenzene-1-azo-2- 


(DA-2-N) to Oshorne-Mendel rats for 230 days. 


hematoxylin and eosin. 
Figure 5.—Cholangiocarcinoma of the liver. 270 


FIGURE 6.- 


Spindle-cell transformation of undifferentiated 
small blood vessel. % 400 
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Enzyme Changes Induced in Normal 
and Malignant Tissues with Chemical 
Agents. III. Effect of Acetylpodo- 
phyllotoxin-w-Pyridinium Chloride on 
Cytochrome Oxidase, Cytochrome C, 
Succinoxidase, Succinic Dehydrogen- 
ase, and Respiration of Sarcoma 37 ! 


V. S. Waravpexar,? Anita D. Parapis, and 
J. Leiter, Laboratory of Chemical Pharmacology, 
National Cancer Institute,’ Bethesda, Md. 


In two previous publications (1, 2) we demonstrated a marked drop in 
the cytochrome oxidase activity in homogenates of transplanted tumors 
occurring shortly after a single subcutaneous injection of a variety of 
compounds capable of inducing damage in these tumors. Much smaller 
changes in enzyme content were observed in normal organs from both 
tumor-bearing and non-tumor-bearing mice. The present report fur- 
nishes additional data on the influence of these compounds on related 
components of the cytochrome system other than cytochrome oxidase. 


Materials and Methods 


The compound employed in these experiments was a soluble deriv- 
ative of podophyllotoxin, acetylpodophyllotorin-w-pyridinium chloride 


Cl (NCI-3022), prepared by Schrecker 

| — and Hartwell‘ by quaternizing a 

OCOCH;—N. » derivative of acetylpodophyllo- 

0) CH; toxin. This compound was found 

H.C “hy to be very soluble in water and to 

. \ - be about as potent as podophyllo- 

° C toxin in producing damage in 

0 transplanted tumors.’ Its high 

water-solubility made this com- 

CHO OCH, pound more convenient to use 

CH, than the parent substance podo- 
phyllotoxin. 


CAF; mice, some bearing six-day-old intramuscular implants of Sarcoma 
37, were employed in all experiments. The mice received a single sub- 


1 Received for publication July 22, 1953. 

2 Visiting Scientist, National Institutes of Health, Bethesda, Md. 

8 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare . 
* Unpublished data. 


5 Details of the effects of this compound on Sarcoma 37 will be published in a separate report. 
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cutaneous injection of the compound (NCI-3022) and were sacrificed in 
groups of at least 4 animals each, at intervals from 2 to 48 hours after 
injection. Tissues from about four animals were pooled, divided into 
two parts, and homogenates of the tumor and normal tissues were pre- 
pared as previously described (1). 

Cytochrome oxidase activity was determined according to the method 
of Schneider and Potter (3) in 1 percent tissue homogenates; autoxida- 
tion was determined by extrapolation to zero tissue concentration. Suc- 
cinoxidase activity was determined in 5 percent tissue homogenates 
following the method of Schneider and Potter (3), and succinic dehydro- 
genase activity was measured according to the method of Slater (4). 
Succinic dehydrogenase activity was also determined following the pro- 
cedure of Quastel and Wheatley (5) using sodium succinate and potassium 
ferricyanide, the latter replacing methylene blue. Similar values were 
obtained by both methods. The amount of tissue used depended on the 
enzyme activity. Respiration of tissue slices was determined by a mano- 
metric procedure in Krebs-Ringer-phosphate buffer at 37.5° C. in an 
atmosphere of oxygen. The tissue slices were approximately one milli- 
meter thick and weighed about 50 milligrams. After determining the 
respiration, the slices were washed with distilled water, dried, and weighed. 

The procedure for extraction of cytochrome c from tissue, removal of 
hemoglobin, precipitation and spectrophotometric determination was 
similar to that of Rosenthal and Drabkin (6). In the case of liver, the 
homogenate was incubated for 30 minutes with a solution of filtered saliva 
to hydrolyze glycogen. The extraction procedure for this tissue was then 
carried out in the same way as for the other tissues. 


Results 


Table 1 gives the results of a single subcutaneous injection of 
20 wg. per gm.* of NCI-3022 on the cytochrome oxidase and cytochrome c 
content of homogenates of Sarcoma 37 and of liver. The pattern of reduc- 
tion in cytochrome oxidase activity was similar to that reported previously 
(1) for its parent compound, podophyllotoxin (NCI-1073).’_ Analogously, 
the level of endogenous cytochrome c in the tumor tissue decreased in the 
same way as the cytochrome oxidase. The cytochrome c content of liver 
tissue was scarcely affected. 

The effect of injection ‘of a similar {dose of NCI-3022 on succinoxidase 
activity of homogenates and on the respiration of slices of tumor and liver 
is shown in table 2. The decreases in the activity of this enzyme and in 
the respiration were more precipitous and pronounced than in the cyto- 
chrome components. In particular, only about 40 percent of the suc- 
cinoxidase activity of untreated controls remained in the tumors after as 


* This dose is approximately four times the minimum effective dose (MED) and about one-fourth the maximum 
tolerated dose (MTD). 

1 In unpublished experiments of Kelly and Leiter, in this Laboratory, and in some of the in vitro experiments 
given later in this paper, there appeared to be some evidence that NCI-3022 undergoes hydrolysis in the presence 
of tissues to yield podophyllotoxin. It is quite likely that the action of this compound may be due to the liberation 
of the parent compound. More recently Schrecker has isolated podophyllotoxin from aqueous solutions of the 
compound buffered at pH 7.3. 
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TABLE 1.—Effect of a single injection of 20 ug. per gm. of NCI-3022 on the cytochrome 
oxidase activity and cytochrome c content of Sarcoma 37 and liver homogenates 





| Residual activity *t 











Time after Cytochrome oxidase | Cytochrome ce 
injection 
Tumor | __ Liver | Tumor | Liver 
(hours) (percent) | (percent) (percent) (percent) 

2 89. 100 86| 89 | 101 

+ 78 | 100 79 94 

24 66 102 59 92 

48 42 | 100 | 42 | 90 








* Activity of treated 

Activity of control 

tControl values: cytochrome oridase (Qo in cu. mm. of O2 per mg. dry tissue per hr.) 
3 


X 100. 


Sarcoma 37. . . . 127-136 

ae 318-328 
cytochrome c (ug. per gm. of dry tissue) 

Sarcoma 37. . . . 224-241 

ee «6.4 ea 2 396-413 


short a period as 4 hours following injection of the compound. By 24 
hours, the enzyme activity was scarcely measurable. Again, only a neg- 
ligible effect was observed with liver homogenates or slices. 

Text-figure 1 gives the results obtained with different dose levels of 
NCI-3022 on succinoxidase activity in Sarcoma 37. A dose of 2 or 4 ug. 
per gm. appeared to have little effect. Appreciable decreases in the 
enzyme activity appeared only after 24 hours following a dose of 8 ug. 


TABLE 2.—Effect of a single injection of 20 yg. per gm. of NCI-3022 on succinoxidase and 
respiration of Sarcoma 37 and of liver 





Residual activity*f 














Suecinoxidase Respiration 
Time after (homogenates) (slices) 
injection 
Tumor Liver Tumor Liver 
(hours) (percent) (percent) (percent) (percent) 
2 96 | 104 72 103 
4 40 | 109 40 | 91 
24 2 94 | 38 92 
48 10 104 31 | 102 
| | | | 
* Activity of treated x 100. 


Activity of control 
tControl values: Ro, (cu. mm. of Oz per mg. dry tissue per hr.) 


succinoridase 
ee 17. 7-22. 7 
BR. 6. 4) 0 es 91-103 
respiration 
THs. 2s oe 7. 0-8. 2 
CO a 7. 6-8. 4 
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HOURS AFTER INJECTION 


TEXT-FIGURE 1.—Effect of different dose levels of NCI-3022 on succinoxidase activity 
of Sarcoma 37. 


per gm. The minimum effective dose of NCI-3022 against Sarcoma 37 is 
approximately the same (5 ug. per gm.). The highest dose given in this 
series (32 ug. per gm.), which produced a 60 percent decrease in enzyme 
activity in 6 hours, was about one-third of the maximum tolerated dose 
(80 ug. per gm.). 

Injection of a maximum tolerated dose (80 ug. per gm.) of NCI-3022 pro- 
duced comparatively slight changes in the succinoxidase activity of liver, 
kidney, spleen, and lung of non-tumor-bearing mice. The results are 
summarized in table 3. It should be noted that the enzyme activity of 
spleen and lung were in the same range as the activity in Sarcoma 37 from 
untreated animals (table 2). 

In contrast to the effects on the succinoxidase system, succinic dehy- 
drogenase activity of tumor homogenates was scarcely affected by a dose 
of 20 ug. per gm. of NCI-3022. Following even a lethal dose of 100 ug. 
per gm., about 80 percent of the enzyme activity remained for as long as 
48 hours after injection, at a time when necrosis was quite extensive in the 
tumors. These results are shown in text-figure 2. 

In vitro exposure of slices of Sarcoma 37 to a concentration of 100 or 
250 ug. per ml. of NCI-3022 or of podophyllotoxin (NCI-1073) for 4 hours, 
produced smaller decreases in succinoxidase activity than were observed 
in the in vivo experiments. Table 4 summarizes the results. Even when 
tumor homogenate was employed, the in vitro addition of the compound 
(NCI-3022) in concentrations up to 500 yg. per ml. failed to inhibit the suc- 
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TaBLE 3.—Effect of a single injection of 80 ug. per gm. of NCI-3022 on succinoxidase 
activity of tissues from non-tumor-bearing CAF, mice 











Residual activity*f 
Time after 
injection 
Liver Kidney Spleen Lung 
(hours) (percent) (percent) (percent) (percent) 
2 104 92 104 103 
4 98 96 103 102 
6 102 80 99 87 
24 — 80 78 84 
48 90 90 79 92 























* Activity treated 
Activity control a ee. 
t Control values: Ro, (cu. mm. of Os per mg. dry tissue per hr.) 


Liver 117-120 Spleen 20.3-22.4 
Kidney 210-247 Lung 15.6-18.5 


cinoxidase activity of the tumor markedly. Similar concentrations of 
colchicine (NCI-1v), carried out at the same time, produced even smaller 
changes. Table 5 shows that the effects produced in vitro on respiration 
of slices were similar to those for succinoxidase. 




















| | | | | 
p ~ Succinic Dehydrogenase (20ug./gm.) 
> Q 100 None al 
Ke = 
oO x ao A 
to 2 AWrr rrr ara ee ee EE yf 
a : c 75 “ Succinic Dehydrogenase (lOOug /gm.) 
> z ‘ 
Na |O \e 
Ze IO : 
What aw 50- \ ~ 
2a\s a, 
7 \.Succinoxidase (20ug./ gm.) 
D 2s ies — 
uJ I ae 
3 ieeeindile ae 
0 | | al | | 
) & 16 24 32 40 48 
HOURS AFTER INJECTION 


TEXtT-FIGURE 2.—Effect of NCI-3022 on succinic dehydrogenase and succinoxidase 
activity of Sarcoma 37. Control Qo, (cu. mm. O; per mg. dry tissue per hour) for 
succinic dehydrogenase was 6.0—-7.0, and for succinoxidase 19.2-20.6. 
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TABLE 4.—Succinozidase activity of tumor slices treated with NCI-3022, 
podophyllotoxin, or colchicine in vitro 





Residue] activity* t¢ 





Time of | | 


incubation | NCI-3022 | Podophyllotoxin Colchicine 





| 100 uwg./ml.| 250 wg./ml. 250 ug./ml. 100 yug./ml. 


100 ug./ml. | 250 ug./ml. 


’ 
| 





(hours) | (percent) (percent) | (percent) | (percent) (percent) (percent) 
| ] | 
1 | s7 | 100 | 87 | 80 | 95 | 86 
2 73 80 66 64 87 76 
>; | 8 I 75 | 7% | 64 | 104 90 
4 84 78 78 | 75 97 94 


*The values shown are percentages of the residual enzyme activity of tumor slices in contact with the com- 
pound. 

tQo, (cu. mm. O; per hr. per mg. dry tissue) of tumor slices before addition of compound was 6.3-8.3. The loss 
in enzyme activity of tumor slices in the absence of compound during five hours of incubation was about 8 percent. 





TaBLe 5.—Respiration of tumor slices treated with NCI-3022, podophyllotozin, 
or colchicine in vitro 





Residual activity* 








Time of | 
incu- NCI-3022 Podophyllotoxin Colchicine 
bation | 
| 
20 100 250 20 100 | 200 20 100 
pg./ml. | ywg./ml. 


(hours) | (percent)| (percent)| (percent)| (percent) 


(percent) (nereend (percent)| (percent) 








| 
ug./ml. | wg./ml. | wg./ml. | ug./ml. pg./ml. g./ml. 

| 

| 


| | 
1 | 104 | 97 | 72 107 101 71 111 106 
2 | 7% | 7 | 7 85 77 63 84 85 
. i 69 | 61 82 60 54 92 87 
4 | 67 | 60 | 58 79 58 52 82 81 











*The values shown are percentages of the residual respiration of tumor slices after the addition of the com- 
pound. The respiration of tumor slices before addition of compound was Q o, (cu. mm. O: per hr. per mg. dry 


tissue) 7.5-8.5. The loss in respiration of tumor slices in the absence of compound during five hours of incuba- 
tion was about 6 percent. 


Discussion 


The data presented here show that the enzymatic effects that followed 
injection of tumor-damaging compounds were not restricted to cyto- 
chrome oxidase; that cytochrome c, succinoxidase, and over-all respiration 
were equally or more markedly affected, whereas succinic dehydrogenase 
was least affected. Furthermore, the reduction in succinoxidase cannot 
be attributed to the cytochrome system as a limiting factor. As in the 
case of the cytochrome oxidase determination, cytochrome c was added 
to the substrate. Cytochrome oxidase was not a limiting factor either, 
since the concentration of this enzyme, present at any time interval after 
injection of compounds, was greater than that of succinoxidase even in 
untreated tissue. Finally, the decrease in succinoxidase was so much 
more marked than that of cytochrome oxidase, that virtually no succin- 
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oxidase could be demonstrated after 24 hours. It appears, therefore, 
that the succinoxidase system is even more susceptible to effects produced 
by tumor-damaging compounds than cytochrome oxidase. 

It should be noted that the Qo, values for succinic dehydrogenase 
activity are about one-third of the values observed for the succinoxidase 
system, indicating that the methods used (4, 5) did not measure the 
entire activity of this enzyme. They are, however, comparable to the 
values reported by Slater (4) and by Potter and Reif (7), who also ob- 
tained dehydrogenase activities of only one-third that of the succin- 
oxidase activity. Despite these lower values, the dehydrogenase activity 
remained relatively constant throughout the experiments, whereas the 
succinoxidase activity dropped precipitously. In fact, at time intervals 
longer than 8 hours after injection of the compound, the absolute values 
for succinic dehydrogenase were greater than those for succinoxidase. 
It is apparent then, that a factor other than the dehydrogenase was the 
limiting feature in the loss of succinoxidase activity. 

One factor which might conceivably play a role in the marked effect 
on the succinoxidase system with little or no effect on the succinic dehydro- 
genase activity is that suggested by Slater (8) in his work with BAL. 
This factor was postulated to be a component of the succinoxidase system 
required for the transmission of electrons between cytochrome b (succinic 
dehydrogenase) and cytochrome c. Whether this is a consequence of a 
specific effect, such as described by Slater for BAL, or to ‘“‘nonspecific’’ 
effects such as are ascribed to certain toxins (9), remains to be established. 

The reduction in respiration of tissue slices treated in vivo with NCI-3022 
is in accord with the reports of Boyland and Boyland (10) and of Miller 
et al. (11) on the decrease in respiration of tumor slices following injection 
of colchicine or of podophyllotoxin. 

It does not appear that these effects are related to the type of ‘““enzyme 
titration’”’ postulated by Ackermann and Potter (12), as exemplified by the 
effect of antimycin A on succinoxidase activity (7). Of 5 tissues examined, 
only the enzyme activity of tumor was markedly affected. Even though 
both spleen and lung had a low succinoxidase activity, comparable with 
that of Sarcoma 37, the activity in these tissues was not lowered percent- 
age-wise to a greater extent than in tissues of much higher enzyme activity 
(liver and kidney, see table 3). Nevertheless spleen is affected grossly 
and microscopically by podophyllotoxin (13). Conceivably, factors 
such as blood circulation could play a role in this situation, as was postu- 
lated by Reif and Potter (14) in the case of discrepancies between in vivo 
and in vitro effects of antimycin A. 

Work is in progress on the effects of tumor-damaging compounds on 
other enzymes participating in carbohydrate metabolism, as well as on 
enzymes unrelated to this metabolic process. 


Summary 


1) A single subcutaneous injection of 20 ug. per gm. of acetylpodophyllo- 
toxin-w-pyridinium chloride, in mice bearing Sarcoma 37, produced a 
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marked drop in cytochrome oxidase activity, cytochrome c and suc- 
cinoxidase activity of tumor tissue homogenates. A marked decrease in 
respiration of tumor tissue slices was also observed. However, only a 
small reduction in succinic dehydrogenase activity was seen even with 
a lethal dose of the compound. 

2) In liver, kidney, spleen, and lung of tumor-bearing mice treated 
with a maximum tolerated dose (80 ug. per gm.) of this compound, a much 
smaller percentage decrease in succinoxidase activity was observed than 
in tumor tissue. 

3) In vitro incubation of tumor slices with acetylpodophyllotorin-w- 
pyridinium chloride (NCI-3022), podophyllotoxin, or colchicine in con- 
centrations up to 250 ug. per ml. produced smaller changes in succinoxi- 
dase activity and respiration than those observed after the same interval 
following treatment in vivo. 
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Radioiodide-Concentrating Ability of 
Transplantable Tumors of the Thyroid 
Gland in C3H Mice 


S. H. Wotuiman, R. O. Scow, and H. P. Morris, 
National Cancer Institute and National Institute 
of Arthritis and Metabolic Diseases,? Bethesda, Md. 


Thyroid tissue accumulates I" after radioiodide is injected into animals. 
Almost all of the accumulated I" is bound in organic combination. The 
remainder of the accumulated I, radioiodide, although making up only 
a small fraction of the thyroid I"*!, is maintained at a concentration many 
times the radioiodide concentration in the serum. The ratio of the radio- 
iodide concentration in tissue to that in serum (T/S ratio) is a measure of 
the radioiodide-concentrating ability of the tissue. If the T/S ratio for 
the tissue is greater than 1, the tissue is said to have radioiodide-concen- 
trating ability. Transplantable tumors of the thyroid gland in C3H 
mice (1, 2) also accumulate I!, but the amount per gram of tissue is 
significantly less than that in the thyroid gland in the same animal (3). 

In the present experiments the radioiodide-concentrating ability of 
several lines of transplantable tumors of the thyroid gland was measured. 
It was found that the radioiodide-concentrating ability of tumors of all 
lines was less than that of thyroid gland; in independent * tumors, radio- 
iodide-concentrating ability was almost completely absent. In some 
tumor lines the inability to concentrate radioiodide appeared to play an 
important part in their loss of ability to accumulate I’. 


Materials and Methods 


Tumors of lines 4H, 4J, 3A, 4, 3C, and 6 were studied. Lines 4H and 
4J which appear to be indistinguishable by histologic and radioiodine- 
uptake criteria have been designated earlier as two of the components of 
dependent line 4HJK (3). Certain characteristics of tumor line 4HJK 
and of independent lines 3C and 6 have been described by Wollman, 
Scow, Wagner, and Morris (3), but lines 3A and 4 have not been described 
before. Up to the generation used in this study (Generation 9), tumors 
of line 3A have been dependent. However, some tumors of this genera- 
tion and also transplanted pieces of at least one tumor of this generation 


1 Received for publication June 17, 1953. 
2 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 


3 These tumors are called ‘‘dependent” or “independent” according to whether or not their growth depends upon 
their hosts being fed thiouracil. 
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grew in hosts fed a thiouracil-free diet, and therefore were independent 
(table 1). 

Tumor inoculation.—Tumor inoculations were made from one or more 
tumors of a selected line into either the subcutaneous flank, thigh muscle, 
or both, in each of a group of young male mice. The inoculation sites 
were the same for a given group. 

Diet.—After inoculation each group of mice was fed either a pelleted 
stock diet, or a meal diet of similar composition but containing in addition 
2.5 grams of thiouracil for every kilogram of diet (3), (table 1). Fora 
time interval of from 7 to 21 days immediately prior to the radioiodine 
studies the mice, except for those of one group, were fed a moderately 
low-iodine diet (3) as indicated in table 1. Two separate batches of the 
low-iodine diet were used. Although it was intended that these batches 
be duplicates, they appeared to differ in their iodine content. Results 
obtained in mice fed diet batch a were generally higher than those in 
mice fed batch 6. 

TABLE 1.—Ezperimental details 




















Number of days fed diet after 
Genera- Site* of tumor inoculations 
Tumor line tion tumor inoe- 
studied ulations : ; | Low 
Thiouracil | Stock | iodinet 
I cence oneruied ll sc 120 to 140 |....... | Oto 21 
RAR acre on 12 SC i a | 7 
MR aie gaint wam: ciacalon tare 9 SC+IM an, rer 7 
Si areata | ou gS SIRE or ie 140 | 7 
EAS eee eee 11 G22 fh Seer | lil 14 
Deitkihisenecaeneens ee a eee | 96 14 





*$SC=subcutaneous; [M=intramuscular. 
tImmediately preceding I'*! studies. 


Measurements of the T/S ratio when binding was blocked and when 
binding was permitted were made at the same time in duplicate groups of 
mice bearing tumors of a given line. An attempt was made to have as 
wide a weight range of tumors as possible in each duplicate group. Pro- 
cedures used were similar to those described by Wollman and Scow (4). 

Blocking of organic binding.—Organic binding of radioiodide was pre- 
vented by a subcutaneous injection of 2.5 mg. of propylthiouracil dissolved 
in 0.5 ml. of a 0.9 percent NaCl solution which was 0.04 Nin NaOH. This 
was administered approximately one hour prior to radioiodide injection. 
This quantity of propylthiouracil has been shown by Wollman and Scow 
(4) to block binding of radioiodide in the thyroid glands of mice. Blocking 
of binding in tumors was tested by homogenizing tumors in 10 ml. of 8 
percent trichloroacetic acid (TCA) and comparing the amounts of non- 
precipitable and of precipitable I! with total tumor I. 

I'*' injection.—Ten microcuries of carrier-free radioiodide * (I) in one 
milliliter of water were injected intraperitoneally into each mouse. 


4 The I'*! was supplied by the Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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Procedure at autopsy.—Between one and three hours after the radioiodide 
injection, each mouse was anesthetized with ether and a blood sample was 
obtained from the heart. The thyroid gland and tumor were then im- 
mediately removed. Tumors were examined grossly for necrosis immedi- 
ately after excision. Necrotic material, rarely encountered, was discarded. 
The thyroid gland and tumor were then weighed and placed individually 
into either a counting vessel containing Zenker’s formol or into a glass 
homogenizer containing 10 ml. of ice-cold 8-percent TCA and 1 mg. Nal. 

The I"*' in the supernatant after homogenization and centrifugation was 
termed nonprecipitable I" and wasassumed to beradioiodide. Preliminary 
experiments had shown that if I! was present in thyroid homogenates 
only in the form of radioiodide, 98.5 percent of the I'*! was found in the 
supernatant provided that carrier iodide was added. If no carrier was 
added only 85 percent of the I'*' was found in the supernatant. However, 
if protein-bound I" is present in the tissue it has been shown by Taurog, 
Tong, and Chaikoff (5) that the deproteinization of thyroid homogenates 
by TCA is not complete. The supernatant contains organic bound I" 
largely in the form of protein. This makes the estimates of the radioiodide 
content of the tissue high. In the case of the tumors, however, the error 
appears to be small since the nonprecipitated protein was only a small 
percent of the total protein and the amount of precipitable I'*' was usually 
not more than six times that of the nonprecipitable I. In this case if 
only 97 to 98 percent of the iodine-containing organic matter were pre- 
cipitated [as appears to be the case for thyroid gland (4)] the estimate of 
radioiodide would be only 12 to 18 percent high. 

The serum I"*! concentration was used in place of the serum radioiodide 
concentration, since it was found that the percent of the serum I"! which 
was protein bound was negligible for the time interval after injection 
during which the present studies were made. 

I'** Measurements—The I content in the tissues or in fractions 
obtained from tissues was determined by gamma counting using the well- 
type counter described earlier (6). The total amount of I'*' in serum was 
determined by counting beta radiation from weighed aliquots of serum 
or of diluted serum as described by Wollman and Scow (4). Self-absorp- 
tion corrections were made where necessary. The statistical counting error 
was less than 5 percent by either method. The counting rate of asample 
using the beta counter was 150 times that using the gamma counter. 
When computing T/S ratios, data on thyroid gland or its fractions were 
converted to values that would have been obtained if beta counting had 
been used. 


Results 


Histology—At least one histologic section was obtained from each 
tumor that was not homogenized. Sections stained with hematoxylin 
and eosin were examined for microscopic necrosis. Only a few tumors 
showed histologic evidence of necrosis, and then only a negligible fraction 
of any tissue section was involved. 
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Microphotographs of typical sections of tumors of line 3A and of line 4 
are shown in figures 1, 2, and 3. Microphotographs of sections of two 
tumors of line 3A are shown because the tumors of this line were of two 
different types, one more like line 4HJK, the other resembling lines 3C or 6. 

Nonprecipitable I'*' in thyroid glands and tumors of the thyroid gland.— 
When binding was permitted, 6 to 9 percent of the I'* in hyperplastic 
thyroid glands was nonprecipitable approximately two hours after radio- 
iodide injection (table 2). A greater proportion of the I'** was nonpre- 
cipitable in tumors than in the gland. However, nonprecipitable I" in 
a tumor was never over 30 percent of the total tumor ['*!.5 


TABLE 2.—Percent of tissue I'*! that was nonprecipitable with TCA* 





Organic binding 








| blocked Organic binding permitted 
Tumor line 

| Thyroid | Tumor | Thyroid | Tumor 

| 
4H (Gen. 11)....... ere. oe 1.33 (1) 
Gm (Gem. 19).......! 92.8 (2) 92.8 (2) | 5.6 + 0.6f(8) 18.4 + 3.4 (8) 
EEE ES Fae eee | 98.3 (2) 88.3 (2) 9.1 + 2.2 (3) 17.5 + 5. (5) 
| 8 EE eer ner | a aes ate 93 (1) | sr a cr or 20.6 (1) 
hii a ght ere Bote eae namie OL ers ee 12.8 + 4 (4) 
Sane bsione fos nexin 89.7 (2) | rivet oan ota 14.8 + 5 (4) 








*Approximately 2 hours after radioiodide injection. 
tNumber of samples used in determination of average. 
{Standard error of the mean. 


After blocking organic binding of I", the nonprecipitable I in 
thyroid glands was found to be over 90 percent of the total I'*' (table 2). 
In tumors, approximately 90 percent of the total was generally nonpre- 
cipitable. This value for tumors must be considered to be a low estimate 
because the I"! in the supernatant was measured after only a single 
homogenization and sedimentation, and the sediment was not washed 
and therefore contained supernatant and hence nonprecipitable I. 
The tumors of line 6 made up over 5 percent of the volume of the homog- 
enate and those of line 3C more than 10 percent. In the latter case, 
if I" were distributed uniformly between the supernate and the sediment, 
the I in the supernate could not be expected to exceed 95 percent of 
the total tumor I". Under these conditions less than 10 percent of the 
total I'*' in the tumors can be considered to be precipitable. 

T/S ratio when binding was blocked—When binding was blocked, 
thyroid glands in tumor-bearing animals had T/S ratios averaging from 
90 to 250, the magnitude depending on whether batch 6 or a of the low- 
iodine diet was fed and whether the host had been fed a thiouracil- 
containing diet (table 3). The T/S ratio obtained for the tumors was 
always significantly lower than that for the thyroid gland in the same 

§ This result excludes the possibility discussed elsewhere (7) that the lack of constancy of the ratio of the uptake 


per mg. of tumor to that of thyroid gland observed for line 6 ($) might be due to radioiodide making up a very 
large fraction of the total tumor I!3!, 
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animal. The T/S ratio in tumors of the dependent line 4H averaged 33 
(never over one-half that of the thyroid); that in tumors of independent 
lines averaged less than 2 (table 3). 

The value of the T/S ratios for tumors of lines 4H, 3C, and 6 appear 
to be independent of tumor weight over the weight range indicated in 
table 3. There were too few tumors of line 4 to allow demonstration of 
any weight dependence. In tumors of line 3A, however, a definite de- 
pendence of the T/S ratio on tumor weight was observed. When organic 
binding was blocked, the T/S ratio in six tumors of this line weighing 
less than 100 mg. averaged 9.2, whereas that in five tumors weighing 
over 233 mg. averaged 1.01. This observation may be related to the 
fact that these two groups of tumors differed histologically from each 
other, and independent tumor tissue was first detected in the present 
generation (Generation 9) of this tumor line. The smaller tumors of 
line 3A resembled tumors of line 4HJK both histologically and biochemi- 
cally, whereas the larger tumors resembled those of line 3C (figs. 1 and 2). 

T/S ratio when binding was permitted—When binding was permitted 
the T/S ratio for hyperplastic thyroids was found to be approximately 
15 to 20 (table 3). The T/S ratio for tumors of the dependent line 4H 
was approximately equal to the T/S ratio for the thyroid gland in the 
same host. In contrast, tumors of all independent lines had T/S ratios 
averaging less than 2. 

Effect of the tumor on the thyroid T/S ratio—Mice bearing tumors of 
dependent line 4H and tumor-free mice were fed the thiouracil diet for 
three months immediately preceding the I studies. The presence of the 
tumor was found to have no significant effect upon the thyroid T/S ratio 
(table 4). 


Attempts to Alter the T/S Ratio of Tumors 


1) Effect of number of days fed stock diet after chronic feeding of thiouracil 
diet —A group of mice bearing tumors of dependent line 4J were fed the 
thiouracil diet for 130 days. They were then divided into two groups: 
one fed the low-iodine diet for 7 days, the other for 21 days. The T/S 
ratio for the thyroid gland was significantly higher in the mice fed the 
low-iodine diet for the shorter time interval, whereas the T/S ratio for the 
tumors was not significantly different in the two groups (table 4). 

2) Effect of hypophysectomy.—A group of mice bearing tumors of depend- 
ent line 4H (Generation 11) were fed the thiouracil diet for 130 days. 
They were then fed the low-iodine diet for 7 days after which they were 
divided into two groups. One group was completely hypophysectomized, 
the other was sham-operated (10). On the seventh postoperative day, 
the T/S ratios for the thyroid gland and for the tumor were significantly 
lower in the hypophysectomized mice than in the controls (table 4). 

3) Effect of feeding propylthiouracil in the diet—Mice bearing tumors of 
independent line 3C were fed the stock diet for 111 days. They were 
then divided into two groups, one fed the low-iodine diet, the other fed 
the low-iodine diet supplemented with propylthiouracil to 0.03 percent. 
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The propylthiouracil feeding had no effect on the T/S ratio for the tumors, 
although it more than doubled the T/S ratio for the thyroids (table 4). 


Discussion 


When organic binding of iodide was blocked, the ability of tumors to 
concentrate radioiodide was less than that of the thyroid gland. The 
concentration of radioiodide in tumor tissue was much higher than that 
in serum only in dependent tumors. There was a suggestion that the 
loss of iodide-concentrating ability occurred during the transition from 
dependent to independent tumors, since some tumors of line 3A had no 
ability to concentrate iodide in the generation in which independent tumors 
first appeared. 

When binding was permitted, the T/S ratio was almost as high for 
tumors of dependent line 4H as for thyroid gland, but the T/S ratio was 
significantly less for tumors of all other lines than for thyroid glands. In 
tumors of independent lines 3C and 6, the ability to maintain a con- 
centration of iodide elevated above that of serum was lacking. The T/S 
ratio in these two lines was essentially what might be expected for several 
nonthyroid tissues (8). Since the T/S ratio was approximately 0.4, the 
iodide in these tumors would appear to be in large part extracellular. 

Although tumors of all lines reported in this paper incorporated iodide 
into organic binding (table 2), the amount of I'* bound per mg. of tissue 
was always less than that in the thyroid gland (table 3). The concentra- 
tion of radioiodide in tumors of dependent line 4H when binding was 
permitted was approximately equal to that in the thyroid gland, but 
organic bound I'* per mg. of tissue was less in the tumor than in the 
thyroid gland. This suggests that the decreased accumulation of I in 
tumors of this line was due to an impairment in the binding mechanism. 
On the other hand, in the other lines the radioiodide concentration in the 
tumor was always much less than that in the thyroid gland of the host. 
In this case the low concentration of radioiodide in the tumor may be 
responsible for at least part of the impairment in iodide binding. To 
uptake per mg. of tumor 
uptake per mg. of thyroid 
T/S ratio for the tumor when binding was allowed for four tumor lines 
(text-fig. 1). The two quantities were roughly linearly related. If it 
be assumed that organic binding of tissue radioiodide is a first-order re- 
action (with the rate of binding given by K,Iz where Ky is the rate con- 
stant for binding and I; is the radioiodide concentration in the tissue), the 
relation in text-figure 1 suggests that the difference in tumor clearance 
or I'* binding rate may be due to differences in the radioiodide concentra- 
tions in the tumors of the different lines. It also suggests that the rate 
constant for binding may be the same in these tumor lines. Further 
studies will be necessary to establish this hypothesis. A detailed discus- 
sion of a way in which the tissue iodide concentration might control the 
rate of organic binding of I'*' is given elsewhere (9). 


test this a comparison was made of with the 
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SERUM NON-PRECIPITABLE I'S! CONC. 
TEXT-FIGURE 1.—The relation between I!-accumulating ability and radioiodide- 


concentrating ability of thyroid tumors when organic binding of iodine is allowed. 
The lines through the points represent standard errors of the mean. 








In the preceding paragraph it was indicated that the very low 
radioiodide-concentrating ability of independent tumors might be an 
important factor limiting their I“ uptake. It is therefore important to 
study the factors that affect this process, and especially to try to increase 
the radioiodide-concentrating ability in tumors in which the process limits 
['* uptake. In the tumor-free mouse, the T/S ratio is reduced but gen- 
erally does not fall below 50 following hypophysectomy (4, 10). In 
tumors of the dependent line 4H, the radioiodide-concentrating ability 
was also decreased following hypophysectomy, but the magnitude of the 
response was less than that of the thyroid gland (table 4). On the other 
hand, feeding propylthiouracil did not induce radioiodide-concentrating 
ability in tumors of independent line 3C (which had lost the ability to 
concentrate iodide), although it increased that of the thyroid gland in the 
same host. 

When thyroid tumor tissue becomes independent it appears to lose its 
ability to perform biochemical functions characteristic of thyroid tissue. 
With respect to the two functional characteristics studied so far, three 
different types of thyroid tumor tissue have been found: a) tumors that 
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can concentrate iodide and incorporate it into organic binding (lines 
4HJK, 3A, and 4); 6) tumors that cannot concentrate iodide but can bind 
it (independent tumor lines 3C and 6); and c) tumors that can neither 
concentrate nor bind iodide [independent line 4F (3)]. A fourth type of 
thyroid tissue, one that appears to differ from the above three, is the 
thyroid gland of the 7-day chick embryo. As shown by Wollman and 
Zwilling (11) 7-day embryonic thyroids had a very well developed ability 
to concentrate iodide, but no organic binding of iodide was detected. 
These observations suggest that concentrating and organic binding of 
iodide are independent processes * and that independent thyroid tumors 
differ from embryonic thyroid gland with respect to their ability to perform 
these two functions of thyroid tissue. 

Administration of propylthiouracil prevented practically all binding of 
radioiodide in tumors of the thyroid gland. Almost all the I’ found in 
the precipitate after deproteinization could be accounted for on the basis 
of the volume of the precipitate. It has been reported that thiouracil 
will allow binding of some I'*' by tumors of the thyroid gland in man 
(12, 13) and in the rat (14) under conditions where the thiouracil prevents 
binding of I’ by normal thyroid tissue. The present results give no 
information about whether the concentration of propylthiouracil required 
for a complete blocking of binding is different for tumors and thyroid gland 
in mice. 

Summary 


The ratio of the tissue radioiodide concentration to serum radioiodide 
concentration (T/S ratio) was measured in several lines of transplantable 
tumors of the thyroid gland. The T/S ratio was determined both when 
organic binding of radioiodide was permitted and when it was blocked by 
propylthiouracil. The T/S ratio was much higher in dependent tumors 
(the growth of which required the host to be fed thiouracil) than in inde- 
pendent tumors, but it was never as high in dependent tumors as in 
thyroid gland. In independent tumors the T/S ratio was rarely above 
two. 

Propylthiouracil feeding increased the T/S ratio of the host’s thyroid 
gland but had no effect on the T/S ratio of tumors of an independent line 
which had lost all iodide-concentrating ability. Hypophysectomy re- 
sulted in a reduction of the T/S ratio in tumors of a dependent line. 

Some tumors that have lost the ability to maintain a concentration of 
radioiodide elevated above that of serum have retained ability to incor- 
porate radioiodide into organic binding. 
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* Although these processes may occur independently, in the kinetics of I! accumulation they are consecutive, 
and the rate of binding depends on the concentration of thyroid iodide maintained by the concentrating process 
as described earlier. 
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PLaTE 47 


Ficure 1.—Tumor line 3A. The section was obtained from one of the smaller tumors 
which resembles those of line 4HJK. Hematoxylin and eosin. X 230 


Figure 2.—Tumor line 3A. The section was obtained from one of the larger tumors 
which resembles those of line 3C. Hematoxylin and eosin. X 230 


Ficure 3.—Tumor line 4. Hematoxylin and eosin. X 260 
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Tumor-Damaging Capacity of Plant 
Materials. V. Miscellaneous Plants! 


Morris Be.xin and Dororueza B. FirzGeratp,? 
Laboratory of Chemical Pharmacology, National 
Cancer Institute,? Bethesda, Md. 


Previous communications (1-4) have presented results of a plant survey 
to determine whether new natural products could be found that would 
have tumor-necrotizing properties. These plants were usually grouped 
according to a stated pharmacologic or medicinal action. The alleged 
uses of many of the plants reported in this paper, however, are so diverse 
that they have been grouped according to botanical classification. The 
effects of approximately 150 plant materials upon Sarcoma 37 in mice are 
given here. Fifty-five botanical families are represented. 


Materials and Methods 


Materials and methods of testing have been described in detail in the 
first paper of this series (1). As before, the tumor used was Sarcoma 37, 
implanted in the thigh muscle of CAF, mice. A single subcutaneous 
injection of the plant material in mice bearing six-day-old tumors was 
given at a site contralateral to the tumor. In the initial experiments, 
15 mice were used for each test, 5 animals being autopsied at each of three 
intervals (7, 24, and 48 hours respectively) after the injection. In later 
experiments the 7-hour autopsy period was omitted, inasmuch as the 24- 
and 48-hour autopsy periods were sufficient to give the information 
desired. Equal numbers of tumor-bearing mice were used for controls. 
The tumors were observed grossly and histologically for evidence of in- 
duced damage; the histologic specimens were routinely fixed in Zenker’s 
formol and stained with hematoxylin and eosin. 

Most of these plants were obtained from commercial sources as dry, 
powdered materials. Aqueous and olive-oil suspensions were tested of all 
powdered samples and in many cases, where sufficient material was avail- 
able, alcohol and acid extracts were prepared as previously described (1). 

Since the cucurbits, bryonia and colocynth, had previously been found 
to possess tumor-necrotizing activity (1), other genera of this family 
commonly used as foods have now been tested including pumpkin, cu- 
cumber, and a number of squashes and melons. These cucurbits were 

1 Received for publication July 28, 1953. 


3 With the technical assistance of Walter G. Hardy. 
+ National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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obtained as fresh ripe fruits, and hence required somewhat different 
treatment than the powdered plants. Fruits containing abundant water, 
e.g. melons, were pressed to express the juice; the seeds were discarded. 
When possible, the juice was taken to dryness by lyophilization; in other 
cases it was concentrated by the same process to a thick syrup. The pulp 
was dried at room temperature, ground to a powder, and tested in the 
same manner as other powdered products. 

Preliminary toxicity determinations in normal mice served as a guide 
for selection of the dose to be used for testing in mice implanted with 
tumor. A dose sublethal for normal mice occasionally caused 10 to 20 
percent deaths in tumor-bearing mice. One mg. per gm. was chosen as 
the highest dose of powdered material when toxicity was not a factor; 
0.04 cc. per gm. was the highest dose of fluid preparations employed. 


Results 


Results obtained with 150 plant materials are given in table 1. Active 
materials were retested; new extracts were made for the second test as 
it could not safely be assumed that the extracts would remain stable. 

Of the 16 members of the family Cucurbitaceae obtained in fresh form, 
only a few showed any evidence of tumor-necrotizing capacity. These 
were in most cases negative when the dried materials were retested one 
year later (table 1). 

Of the other plants tested, only 5 showed any activity in aqueous or 
olive-oil suspension. These were: 

Symplocarpus foetidus 

Polygala senega root 

Aconitum napellus root 

Gillenia stipulata root (one sample only) 

Daphne mezereum bark 
In all cases but one (aconite root), activity was also demonstrated by 
either, or both, the acid and alcohol extractions. 

Other plants showing some activity in extracts only were: 

Marsdenia condurango bark (acid extract only) 
Arnica montana flowers (acid extract only) 
Brauneria pallida root (alcohol and acid extract) 
Gaultheria procumbens herb (alcohol extract only) 
Marrubium vulgare herb (alcohol extract only) 
Thymus serpyllum (alcohol and acid extract) 
Trifolium pratense tops (alcohol extract only) 
Liriodendron tulipifera bark (acid extract only) 
Prunus americana bark (alcohol and acid extracts) 
Cephaelis acuminata root (acid extract only) 
Pimpinella saxifraga root (alcohol extract mainly) 

Inconsistent results were obtained with skunk cabbage (Symplocarpus 
foetidus) when given as an aqueous suspension, but the alcohol extract 
was consistently active at doses of 0.005 cc. to 0.01 cc. pergm. A sample 
of skunk cabbage root had no activity. 
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Of three samples of Gillenia stipulata obtained from the same com- 
mercial source, only one showed any activity against Sarcoma 37 in 
aqueous and olive-oil suspension (at 0.5 mg./gm.). No extracts were 
made of the samples found inactive in aqueous suspension. The active 
sample was effective in alcohol extract at 0.0002 cc. per gm.; this, however, 
was a near-lethal dose. 


Discussion 


Reports on a number of the plants tested by us have appeared in the 
literature ‘ as to their use in treating tumors, warts, etc., either by local 
application or parenteral Jadministration. No correlation was found 
between such reports andjthe effect of these plants on Sarcoma 37 in 
mice under the conditions of these experiments. 

In some cases activity was confined to plants in only one genus, as in 
the family Pinaceae (4) where of 15 genera tested only certain members of 
the genus Juniperus showed activity against Sarcoma 37. As discussed 
previously, activity sometimes depends on the age of the plant, the time 
of year collected, or the geographical location in which it is grown (4). 
Possibly this accounts for the discrepancy in results of different samples 
of the same plant material, e.g., Gillenia stipulata. 

Since these plants were commercially obtained as powdered materials, 
no check could be made as to the accuracy of their species designation, 
time of year collected, or area where they were grown. 

The literature offers certain information with regard to the possible 
carcinolytic constituents of several of the plants showing activity, as for 
example Trifolium pratense (active in alcohol extract only). Nakaoki (8) 
found that a number of phenolic substances isolated from this plant, 
including pratol and pratensol, and the glycosides trifoliin and isotrifoliin 
yield quercetin on hydrolysis. Quercetin has been found by Leiter et al. 
(9) to cause hemorrhage and necrosis in Sarcoma 37 at high doses (MED 
0.2 mg./gm.; MTD 0.6 mg./gm.). None of the four parent substances 
has been tested as far as we know. Ice and Wender (10) found quercetin 
in the leaves of Vaccinium myrtillus. Our test on Sarcoma 37 showed 
only a questionable effect in one of three samples of this plant. 

Ipecac root, cartagena (Cephaelis acuminata), which in acid extract 
produced hemorrhage and necrosis in more than 50 percent of the tumors, 
is a source of emetine, also found active against Sarcoma 37 by Hartwell 
and co-workers (11). However, another species, Rio ipecac root (Cepha- 
elis ipecacuanha), showed no activity in our tests. Indian physic root, 
Gillenia stipulata, is commonly known as American ipecac and is used as a 
substitute for ipecac (5) but is not reported to contain emetine. Related 
compounds might however be present, accounting for the slight activity 
found in one of the three samples. 

A number of alkaloids derived from plants reported in this series have 
been tested by Leiter et al. in this Laboratory (personal communication). 

‘ In the United States Dispensatory (5) the following plants are mentioned as having been used against tumors: 


Condurango bark [Fam. Asclepiadaceae, also see (6) and (7)]; Echinacea root (Fam. Compositae); Poke root (Fam. 
Phytolaccaceae); Solomon’s sea] (Fam. Liliaceae). 
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These include: Berberine, from Mahonia sp., and n-methylcytisine from 
Caulophyllum thalictroides (Fam. Berberidaceae); bulbocapnine, corydine, 
corlumine, cryptopine, a-allocryptopine and protopine from Dicentra 
canadensis and D. Cucullaria (Fam. Fumariaceae); lobeline from Lobelia 
inflata (Fam. Lobeliaceae); dauricine from Menispermum canadense 
(Fam. Menispermaceae); sparteine and 1-ephedrine from Aconitum 
napellus, and hydrastine, berberine and tetrahydroberberine (canadine) 
from Hydrastis canadensis (Fam. Ranunculaceae) ; solanine, from Solanum 
dulecamara (Fam. Solanaceae) and coniine from Conium maculatum (Fam. 
Umbelliferae). Of these, cryptopine, dauricine, and protopine produced 
damage in Sarcoma 37; the others were without effect. 

Dyer (7) in her Index of Tumor Chemotherapy lists preparations of 
aconite, hemlock and ipecac, and also a number of alkaloids derived from 
plants tested in this series as having been used against various tumors, 
viz.: atropine, emetine, ephedrine, sparteine, cryptopine, and protopine. 

Many of the plant preparations stated by Patti (12) as ineffective in 
producing growth inhibition in mouse sarcoma 180, have been used by us 
[(1-3) and table 1, this paper]. The preparations reported by Patti 
represented aqueous extracts of residues after complete removal of alkaloid 
fractions. 

Various genera of the family Umbelliferae were tested because of reports 
in the literature of two members of this family that contain substances 
possibly chemically related to silicicolin, a tumor-necrotizing compound 
isolated in this Laboratory by Hartwell et al. (13, 14) from Juniperus 
silicicola. These compounds, anthricin and cicutin, which have the same 
empirical formula as silicicolin, were isolated by Noguchi and Kawanami 
(15) from Anthriscus sylvestris Hoffm. (wild chervil) and by Marion (16) 
from Cicuta maculata L. (water hemlock), respectively. Of six additional 
genera tested, only Pimpinella saxifraga showed any tumor-necrotizing 
activity. 


Summary 


About 150 plant materials, representing 55 botanical families, were 
examined for tumor-necrotizing effect, following a single injection, on 
Sarcoma 37 in CAF; mice. Twenty-one plants, or 14 percent of those 
tested, showed some activity under the conditions employed. 

Isolation of the active principles from some of these plants may yield 
compounds of interest, as was the case with plants examined previously. 
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In reports published elsewhere, the tumor-destroying properties of 
the Bunyamwera virus were described (/) and the mechanism of oncolysis 
was set forth in detail (2). In the course of further investigation of the 
effect of viral infections on the Ehrlich ascites tumor of the mouse, it was 
discovered that Mengo virus displayed a powerful oncolytic action similar 
to that of the Bunyamwera virus. The currently described series of 
experiments was undertaken to confirm the tumor-invading and tumor- 
destroying properties of the Mengo virus. 


Materials and Methods 


Virus—The Mengo encephalitis virus was obtained through the 
kindness of Dr. K. C. Smithburn of the Laboratories of the Division 
of Medicine and Public Health of The Rockefeller Foundation, New 
York. It was maintained in the laboratory through serial passages in 
brain tissue of Swiss albino mice. The inoculum used in the actual 
experiments consisted of a 20 percent suspension of infected mouse brain 
kept frozen at —30° C. Physiologic salt solution was used in making 
serial dilutions of the viral inoculum. 

Tumor.—The Ehrlich ascites tumor was obtained through the kindness 
of Dr. George Klein of the Karolinska Institute, Stockholm, Sweden. 
Techniques employed for its maintenance and for the preparation of 
implants have been described previously (1). In the present study, the 
virus was inoculated intraperitoneally into mice in which the ascites 
tumor cells had been implanted four days previously. 

Mice.—Swiss albino mice, five to eight weeks old, were used throughout 
the experiments. The virus-inoculated animals were observed for ten 
days, and the number of sick and dead recorded either once or twice daily. 








1 Received for publication June 26, 1953. 

2 The cytologic part of this study was supported by a control project grant to the Papanicolaou Cytology Lab- 
oratory from the National Cancer Institute, National Institutes of Health, U. S. Public Health Service. 

3 The authors are indebted to Miss Suzanne Voorhies and Mrs. Marion Greene for their invaluable technical 
assistance. In addition, the authors acknowledge their indebtedness to Miss Suzanne Voorhies for the photog- 
raphy and to Mrs. A. K. Lamb for the preparation of the tables. 
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Cytologic technique.—The cytologic technique was based on the evalua- 
tion of changes in differential counts of cells in smears of ascitic fluid 
prepared according to Papanicolaou’s method. The details of this 
technique have been described in an earlier communication (1).* 


Experimental Observations 


Increased susceptibility of tumor-bearing mice to infection with Mengo 
virus.—In the preliminary experiments, it was observed that mice bearing 
ascites tumors became infected and died following inoculation of virus 
dilutions that had displayed no lethal effect on non-tumor-bearing control 
mice. This seemingly increased affinity of the virus for tumor cells was 
further explored in the series of six comparative titration experiments 
summarized in table 1. In these experiments, mice bearing four-day-old 
implants of ascites tumors were divided into groups and injected intra- 
abdominally with aliquots of serial tenfold dilutions of Mengo virus. 
Simultaneously, the virus was titrated in the normal mice injected by the 
intra-abdominal or by the intracerebral route. It thus appears from 
the results of experiments A and B that although the mortality ratios of 
ascites-tumor-bearing mice may not have been as uniform as those of the 
controls, the former became infected with virus dilutions that had failed 
to display a lethal effect upon the control mice. 

These differences were particularly striking in the two groups that had 
been injected parenterally, but even direct intraneural inoculation of the 
virus in dilutions that were still infectious for ascites-bearing mice failed 
to elicit a lethal effect. That this effect was not caused solely by the larger 
volume (0.5 ml.) injected intra-abdominally, as compared with that in- 
oculated intracerebrally (0.03 ml.), was indicated by the results of experi- 
mentC. It may be noted that though no titration end points were reached 
in tumor-bearing mice, 10~’ dilution of virus injected in 0.03 ml. volume 
into ascitic mice caused death of all animals, whereas the same volume of 
the same dilution of virus failed to cause signs of illness in normal controls 
injected either intra-abdominally or, which is more significant, intra- 
cerebrally. Similar results were obtained in experiment D, and even 
more conclusively in experiments E and F when titration end points were 
reached. 

Multiplication of the Mengo virus in ascitic fluid—The results of the 
preceding experiments indicate that the presence of ascites tumor causes 
a highly significant increase in the susceptibility of mice to the Mengo 
virus. It thus becomes evident that one of the components of ascitic 
fluid made the mice more vulnerable to the lethal action of the virus, and 
that the neoplastic element seems to be a suitable substrate for multi- 
plication at an increased rate. To obtain additional information, the 
following experiment was undertaken. 

Swiss albino mice were injected intra-abdominally with 12 million cells 
each of Ehrlich ascites tumor. At the same time another group of mice 


4 Since the inocula prepared from infected ascites tumors invariably caused death of the animals from viral 


infection, the capacity of the virus-infected neoplastic cells to produce tumors when injected subcutaneously in 
mice could not be assayed. 
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was similarly injected with a suspension of Toxoplasma (RH strain) 
freshly obtained by abdominal puncture of mice infected with this organ- 
ism. Four days later a few mice in each group were sacrificed and the 
total quantity of ascitic fluid available from each mouse was aspirated 
and individually measured; 3.5 ml. of the two types of ascitic fluid were 
obtained. Smears prepared from the two types of ascites revealed that 
the non-neoplastic and nonparasitic cellular elements were alike, and con- 
sisted mainly of histiocytes, polymorphonuclear leukocytes and lympho- 
cytes. In Toxoplasma ascites, numerous phagocytic cells containing in- 
tracellular parasitic organisms were also observed. In the ascites of 
Ehrlich carcinoma, only rarely did we note histiocytes containing cyto- 
plasmic inclusions of phagocytized material, which consisted of erythro- 
cytes or fragments of broken-down nuclei. 

Following this examination, the ascites-bearing mice were divided into 
several groups, and aliquots of two dilutions of the Mengo virus (see table 
2) were injected intra-abdominally. Results of subsequent titration of 
the virus in normal control mice indicated that the tumor-bearing and the 
Toxoplasma-ascites-bearing mice received 10 and 100 intraperitoneal LD, 
doses of virus, respectively. 


TABLE 2.—Comparative rates of multiplication of Mengo and eastern equine viruses in 
Ehrlich ascites tumor and in Toxoplasma ascites 











ce LD titer of Mengo virus 
Virus inoculum in the ascitic fluid 
Dilution ' 

Strain of virus Mouse LDs 9 — ae 
suspension | ws _ 
10-4 10 10-6-50 10-2-50 
NS 4.iy wk Ke ea re eee a {io-s 100 | 1Q-5-50 10-2-75 
; SS a ee 10--75 10-3-25 
PR a cinao ec reeeKereens { a, fe | 10-0-50 10-1-60 














For control purposes, two other groups of ascitic mice were inoculated 
by the same route with the virus of eastern equine encephalomyelitis. This 
virus provided an example of an agent which, in marked contrast to 
Mengo virus, had repeatedly failed to multiply in the Ehrlich ascites 
tumor (17). Again, two dilutions of eastern equine encephalitis virus 
were used as inoculum (see table 2). 

Four days later the majority of mice infected with either of the two 
viruses sickened, and were accordingly sacrificed. The ascitic fluid was 
aspirated from each animal and pooled with aliquots of fluid obtained 
from two other mice in the same experimental group. The eight pools 
thus secured were centrifuged for 15 minutes at 1,500 r.p.m., and the 
respective supernatants were alternately frozen and thawed three times. 
This was done in order to destroy the infectivity of the Toxoplasma, which 
would otherwise have interfered with the results of subsequent titrations. 
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Serial tenfold dilutions of the eight pools of ascitic fluids were then made 
in physiologic salt solution and immediately injected into mice by the 
intracerebral route. The results of these titrations are summarized in 
table 2. 

An analysis of these results indicates that, although other factors may 
have influenced the level of multiplication of the Mengo virus in ascitic 
fluids, the presence of tumor cells is of primary importance. The behavior 
of the virus in Toxoplasma ascites differs markedly from that observed in 
tumor ascites. The best example is provided by the titers resulting from 
inoculation of 100 LDso of the virus: 10-°-” in tumor-bearing mice and 
10-5 in Toxoplasma-ascites-bearing mice. Similar results were noted 
in mice receiving 10 LDso of the virus. 

In contrast to these results the eastern virus seems to multiply in the 
Toxoplasma ascites; the neoplastic elements not only fail to support the 
growth of this virus, but display an apparently inhibitory effect upon the 
survival of the virus in the peritoneal cavity of the mouse. 

Cytologic changes following inoculation of Mengo virus into ascites- 
tumor-bearing mice.—Preliminary results are summarized in experiments 
I and II (tables 3 and 4). 

In experiment I, serial tenfold dilutions of the virus were inoculated into 
ascites-bearing mice in 0.5 ml. volumes. The inoculum was simultaneously 
titrated in normal mice injected intracerebrally (table 3). Three and four 
days after inoculation the tumor-bearing animals that showed signs of 
virus infection were tapped and the ascitic fluid aspirated. At the same 
time ascitic fluid was drawn from noninfected control mice. Fluids from 
virus-infected mice were obtained in very small quantities and were there- 
fore pooled, two smears from each pool being prepared. The balance of 
each pool of ascitic fluid was centrifuged for 15 minutes at 1,500 r.p.m., 
and the supernatant titrated intracerebrally in mice. The resulting LD5 
titers (last column of table 3) were of high magnitude and indicative of a 
very high multiplication rate of the virus in tumor tissue. 

It may be seen from experiment I, table 4, that the percentage of malig- 
nant cells in three control slides was 91, 67, and 76. These cells are shown 
in figure 1, which illustrates a typical high-power view of a control smear 
containing numerous discrete malignant cells and only occasional non- 
neoplastic elements. In mice inoculated with 10~° through 107° dilutions 
of the virus, the number of tumor cells varied from 0 to 2 percent, with the 
exception of one slide in which it rose to 26 percent. In this particular 
slide, however, tumor cells were not uniformly distributed but were 
concentrated in a large cluster of 22 cells which focused on a level different 
from that of the other cells and which most probably represented a 
“floater,” or artifact. Even including this presumably extraneous collec- 
tion of tumor cells, the resulting count was much below that found in the 
controls. Mitotic figures were absent from smears of infected mice, and 
up to 11 percent of the cells showed degenerative changes in contrast to 
control smears (1 to 3 percent mitoses, 0 percent degenerated cells). 

As for non-neoplastic cells, the disappearance of malignant cells resulted 


Vol. 14, No. 3, December 1953 















































3 
2 
2 
*poqelg]} J0U= "LT "Ne 4 
: 
eeeeee Coeeeeecestoeceeeeeeeeetieseeeeveesesee 9/9 coer ee eee ee ele see eee sees eeeeisseseeeseeeeseees jorjuog 3 
oo 1-O1 > 4 JTS aisetoay g/I I> I> s-OI 3 
o9'2—OT £ . ee Sei: ¢/¢ I> I> s-Ol 5 
os's—OT £ ae Sees g/¢ € I> .-O1 3 
oss—OT £ me Boot oe G/F 1€ ¢ o-O1 Z 
oo'1-O1 > z Gabbe g/¢ org | 9¢ sO! 3 
o'o—OT j - ¢/¢ ool € Z9¢ »-Ol a 
a or-OT j Re Seated g/¢ 000 I€ £29 ‘¢ s-OT ’ 
a oo's—OT z me /¢ 000 O1€ 0&2 ‘9¢ :-Ol a III i 
= 
ee nee yn Cees eee (eee nen nnne joryU09 3 
& o"2-O1 g en wthaionehes ¢/¢ I I> s-O1 
° ov z-OT £ Sea ¢/¢ 8I I> .-O1 
i s'2-Ol £ RE, roe g/¢ rst I 9-0 
a ovo-Ol € Bo ¢/¢ 8h8 ‘I Sb s-Ol 
= ovo-O1 z J eiabiaoes g/g OS ‘81 Ost »-01 ral II 
Pi AOR Lee eee eRe Cee eee aree ese Ree ee 2 t/P eee eeeene erste er eeeeeeeeereiseeeereeeeeeses jorquog 
Q oo 6—OT v £ Pe lrtiets oat &/ ie COTES. s-OT 
a oo 6—OT € nn Seem €/€ ee ee ny .-O1 
M os'z-OT £ g “ee ee eee eee ¢/E ore 0 ee e-Ol 
Aa oo6—OT £ _- is. £/€ 00€ € «LN s-O1 or I 
° 
iM oo 
poyenoour [Biqos99B13UI | [BOUOFLIOdBI4UI uotsuadsns (suozpiw) 
ping o1j10se8 SMITA JaquinN sozl0sy snd, SNJIIA JO 
oy} ur 1aqje sABq sie: steanmeamiinal uolntig peqoofur ‘Oo 
snitA OJue/ are CRN s][99 1OUIN], queuniodes: 
jo 10419 QT 
podde} ao1jy Ores AZITBILO PY wIN[NIOU! SsNItA 




















(g pun 4 8a7qQ0} Burjsoddns vp hupwisd) aor ut sown) saptosp UO snira Obuayy fo paffs4]—'g AIAaV, 


632 






633 


MENGO VIRUS IN ASCITES TUMOR 


‘soqAoonisty prorouydg t 


*10980[q 4 “SIOqUINU OPTS ov JI] ‘I] ‘] pus ‘peepey ‘pezuNoo you 4nq Ie8eUIe U] PeAIEIqOm-+ ‘pozUN0D Jou=— ‘s]]00 OU=O, 














































































































—_ IT | 0 — |} © 0 oma &. I ae tc 2 oo Go c. I —_ + © 9 ell. 2ey —= Te | oe € 
0 0; 0 0 0 0 0 0 0 0 i! T ¢ 9 cI ig 9 vr i & 28 | 69 | #8 z “sforzuory 
0 0; 0 0 0 0 0 0 0 I tL e248 z € 0 Z € OL | #1; ¢ 28 | 92 | 88 I 
xX | X b 
"12/0 0 0 0 9 10;0 ¢ Z 8€ | 62 os | 2 _ ie I £ Pee | 
0 0; 0 0 I I 8st} ¢ 0 0;2;0r)t £ gc i 9 Z I P € 9T | 28 | 62 z ™ 
0 0; 0 0 0 0 0 0 0 0 0; 0; TI 9 I 9 It |} 9 Z P 9 98 | 62 | 28 I 
coh P 4 P 
0 0 1Z 0 91 “**!) Og ‘tor; x |x [i e Ol 
0 0/0 0 0 0 O€ | SI | oF} 0 0;0; SI /2@ £ br | 62) SPI LZ I £ P 0 4 z = 
0 0; 0 0 + i+ 16 St | Il] T 0; 0; T Or | €1 12 gg |} 1219 Z b 06 | OI | I T 
x |x| ¢] 
Dies 0 0 I or 0; 0 Lg | 12 OF | OS I PI I ¢ z 9-Ol 
0; 0 I 0 Sti + 0; 0 6 ¢ OF | LZ 9 0 Z& | 89 I J 
xX |X] &| 
0; 0 0 0 0 0 0; 0 6€ | OL oP | LP 61 | €h | x | 0 0 z o-OT |°°° II 
0 0; 0 0 T z ++ Ts ¥ 0 0; 0; T PI | €€ | Of | 9%] GTI I LI | tl | 82 | FE | 8F 1 
. “eee ‘4 xX £] 
0;|0 z 0 T z 0;|0 |} OL | 2 G8 | 6 123 T x | 0 I er s-OI 
0 oO; Tt ae 0 0 6 0 0 0;0;¢9)/|9 12] 28 | 22 | 21% Z b I I I I 
0 0 0 £ Bees. P 9 tI | 2) 1 g 9 I 92 | 249 | 16 € **poaryuory) 
ea i € 0 O;01 Srigir  22iaer és a, 88 [ P “*"""s-OF 
pequnee 30 1 |o Jo jojo}'::|¢ | or 1/98] |e | * it ie) 2 [om ‘I 
2 |} It};0 |0/0 tI | 81 es | 29 ¢ 12 49% | Z@ & o-OT 
I v 0 0/0 “1 Strid r8 | GL I la! I 0 € “"""*¢-OT 
(poqeyn 
III; II{| I | III| Il I | III| Il I | IIIT |II} I | I1| I I | III} Il I tai | 8 I {III} Il I | -0our 
snita | poyeqnoo | ‘ony 
1oyje | -ur uorny | quowlt 
ontocioed ~~ peyessustec sosoyy | soyAooyduiAy | sydiowAjog | soyAo0r sty | s]]00 Journ, he ) “IP snatA |-redxqy 
YIM S119 oor 








«(pony fo yood yava 
Lof qun0d 71199 yoYUasaf{ip fo saBpzuao.ad ur) J] pun 7 spuawmrsadra—snuira obuayy hq paonpur sown} saztosp Yyousysy ay? ur sabunys 9160;0jfj—'f} aI1avy, 





a cr 





Vol. 14, No. 3, December 1953 








634 KOPROWSKA AND KOPROWSKI 


in an almost selective response on the part of polymorphonuclear leuko- 
cytes, while no marked increase in histiocytes or lymphocytes was observed. 

In experiment I], serial tenfold dilutions of Mengo virus were injected 
into mice bearing ascites tumors and the inoculum was simultaneously 
titrated by the intraperitoneal and intracerebral routes in normal mice 
(table 3). Starting from the first day after virus inoculation, tumor- 
bearing mice, plus a group of noninfected controls, were tapped and 
sufficient ascitic fluid was aspirated from individual animals for cytologic 
examination. This procedure was followed until the animals died (see 
table 4). In addition, enough ascitic fluid was pooled (table 3) on the 
second and third day after virus inoculation for titration in mice, as in 
experiment I. The resulting LD, titers (last column, table 3) again 
indicated a very high rate of multiplication of the virus in the ascitic 
fluid, particularly if one considers the 10-7 titer obtained in mice that 
received an amount of virus equivalent to one intracerebral LD». 

The results of cytologic observations summarized in table 4 indicate 
that the percentage of tumor cells in control smears obtained from non- 
infected mice varied from 65 to 87 percent, and the percentage of mitoses 
from 0 to 3 percent. Cells in karyorrhexis were absent, and degenerated 
cells and macrophages with phagocytized material were only observed 
once—on the third day after implantation of tumor. 

In contrast to this, smears from mice injected with 10~* dilution of 
virus showed destruction of tumor cells on the first day after inoculation. 
The oncolytic effect induced by 10-5, 10° and 107’ dilutions of virus was 
noted on the second day, and on the third day in mice inoculated with the 
highest dilution of virus. 

Mitotic figures were observed in control animals in all three smears on 
the first day, in two of three smears on the second day, and in one of 
three smears on the third day. In those smears obtained from virus- 
injected animals mitoses were generally absent. However, in two 
instances, mitotic figures were noted in smears obtained from animals 
injected with 10-7 and 10-8 dilutions of virus. In these cases the appear- 
ance of mitotic figures preceded the onset of oncolysis. The presence of 
numerous degenerated and karyorrhectic cells preceded or coincided with 
the appearance of oncolysis. 

Although there was no consistent selective response on the part of any 
type of non-neoplastic cell to oncolysis, in numerous smears from infected 
mice the polymorphonuclear leukocytes accounted for most of the non- 
malignant cells. Histiocytes comprised 50 percent of the total cell count 
in one instance. In addition, 7 percent of macrophages containing 
phagocytic inclusions of broken-down nuclear fragments, illustrated in 
figure 2, were observed in mice injected with 10-° dilutions of virus (third 
day). In general, the non-neoplastic cells presented no unusual features, 
except for a single instance when peculiar forms of histiocytes were noted. 
This will be described later under experiment IV and illustrated in figures 
4, 5, and 6. 

In experiment ITI, groups of five tumor-bearing mice were injected with 
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varying doses of Mengo virus, ranging from <1 (table 3) to 310,000 mouse 
LDy. With the exception of mice injected with the highest (10~*) 
dilution, all the animals succumbed to infection. Starting from the first 
day after virus inoculation, three mice in each group were tapped and 
smears of individual ascitic fluids were prepared for cytologic studies. 
In addition, as in the preceding experiment, ascitic fluids from a few 
animals (table 3) in each dilution group were pooled and titrated in mice. 
The resulting LD, titers (table 3) were not as uniform as in the preceding 
experiments, which was probably due to the fact that in a few instances 
the amount of ascitic fluid obtained was so scanty that for titration 
purposes it had to be supplemented by the addition of peritoneal washings. 
This may account for the <107'™ LD, of fluid obtained from mice that 
received the equivalent of 310 intracerebral and 56 intraperitoneal LD; 
of virus. Again, attention should be drawn to the high rate of multipli- 
cation of the virus in the ascitic fluid. For instance, in mice injected 
with 10-* dilution, which thus received an equivalent of <1 intracerebral 
LD, of virus, the infectious agent seemed to acquire a capacity to multiply 
10 million times, as indicated by the resulting 10-7 LD, titer of the 
ascitic fluid. 

The cytologic findings are summarized in table 5. It may be seen that 
tumor cells in three noninfected control mice were numerous throughout 
the period of observation, with the exception of an unexplained and tran- 
sient drop to 33 percent on the second day in the case of a single animal. 
No one type of non-neoplastic cell exceeded 24 percent in control smears. 
Mitoses varied from 0 to 4 percent, averaging 1.5 and 2 percent. De- 
generated cells were either absent or represented at most 1 percent of the 
cellular element. Only a single cell in karyorrhexis was noted in the 
control smears. Not more than 2 percent of counted cells had phagocytic 
inclusions. 

In infected animals destruction of tumor cells was induced even by small 
concentrations of virus in the inoculum (compare with table 3); however, 
the greater concentrations of virus caused an earlier manifestation of 
oncolysis. In few cases, as for instance in all mice injected with 10~’ dilution 
of virus and in individual animals injected with other dilutions, a decrease 
in the number of tumor cells was not observed prior to the death of the 
animal. 

Mitotic divisions were not found in smears obtained from mice in- 
oculated with 10-? and 10° dilutions of virus. They were noted, however, 
following injection of mice with higher dilutions of virus. 

Increase of degenerated cells and of cells in karyorrhexis followed 
infection of mice with a concentrated virus suspension. Figure 3 illus- 
trates appearance of many cells in karyorrhexis as they were seen on the 
first day after inoculation of the 10? dilution of the virus. No definite 
increase of phagocytes was observed. 

No selective response of histiocytes, polymorphonuclear leukocytes or 
lymphocytes to the decreased number of malignant cells was evident. In 
two animals the distinction between histiocytes and lymphocytes was 
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difficult; in a single animal that between histiocytes and immature poly- 
morphonuclear leukocytes presented a problem. Presence of epithelioid 
histiocytes was noted in two mice on the second day after inoculation 
with 10-? and 10~° dilutions of virus, respectively. 

In experiment IV viral inoculum consisted of serial tenfold dilutions 
ranging from 10~* through 10-*. Groups of six tumor-bearing mice were 
inoculated with each dilution and one group of six animals was held as 
noninfected control. The control mice and those injected with virus were 
tapped once every day, from the first day after virus inoculation until 
the death of the animal, enough fluid being aspirated from each individual 
mouse to prepare a smear. No attempt was made to determine the virus 
content in the ascitic fluids. 

Results of the cytologic observations were again similar to those 
obtained in previous experiments. The details and the corresponding 
table are omitted for the sake of brevity of publication. It will merely be 
mentioned that large polygonal epithelioid elements, already observed in 
experiments IT and III, were present in three mice on the fourth day after 
inoculation of virus (10-7 and 10-® dilutions). Their finely vacuolated 
cytoplasm with phagocytic inclusions made it improbable that they might 
have been squamous cells introduced by an aspirating needle. Several 
examples of such uncommon histiocytes are illustrated in figures 4, 5, and 
6. These cells were not observed in the previous study (1). 


Discussion 


The unique feature of the ascites tumor-—virus system is that viruses 
come into contact with host cells susceptible to infection immediately 
after obtaining entry into the body of the animal. From the experiments 
performed thus far with 13 viral agents (/), the ascites cells have to be 
considered as nonsusceptible to infection with only three viruses: Semliki 
Forest, western and eastern equine encephalomyelitis. In addition to 
earlier observations (1), the comparative level of multiplications of the 
eastern virus in mice with tumors or toxoplasmosis indicated the “‘hos- 
tility” of the Ehrlich ascites tumor cells for the virus. The behavior of 
the remaining nine viruses (1) varied markedly from that observed with 
Semliki Forest, western and eastern viruses. The ascites cells were 
found to be “‘virus-susceptible” to this group, although the level of viral 
multiplication varied with the individual strain (1). The behavior of the 
Mengo virus indicates that the cell of the ascites tumor of mice seems to 
be the most favorable medium for the multiplication of this particular 
agent. The results of six comparative titration experiments with Mengo 
virus in mice confirm this observation. Viral infection was induced with 
particles of virus or aggregates of such particles that had failed to produce 
signs of illness when injected directly into the nervous tissue of the animal 
(table 3). 

The high degree of susceptibility of the ascites tumor cells to infection 
with Mengo virus is intimately associated with their special vulnerability, 
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since the multiplying virus seemed to exert a destructive influence upon 
the host cells. Although it was impossible to carry out biologic assays 
on the effect of viral infection upon the neoplastic process (see above), 
the cytologic evidence accumulated in these experiments yields convincing 
data as to the marked oncolytic property of the virus. Some interesting 
features of oncolysis were noted in the daily observations of smears 
obtained from individual animals. 

Destruction of tumor cells with the use of the more concentrated viral 
inocula was usually accompanied by disappearance of mitoses from corre- 
sponding smears. As a rule, this did not occur in mice in which oncolysis 
was induced by higher dilutions of virus. On the contrary, it was noted 
that in some cases the number of mitoses exceeded that observed in cells 
of noninfected ascitic fluid. Although abnormal mitotic figures were seen 
in malignant cells, normal mitoses were also observed in degenerated cells 
and it was uncertain whether the latter were of neoplastic or histiocytic 
origin. A more detailed investigation of the mitotic mechanisms involved 
is beyond the scope of this presentation. 

Smears in which tumor cells were reduced in number usually showed 
a coincident simultaneous increase of cells in karyorrhexis. It may be 
important to note, however, that not all the cells in karyorrhexis were of 
the malignant variety. 

Another observation concerns variations in the number of tumor cells 
encountered in smears of ascitic fluids from different animals inoculated 
with the same dilution of virus. In several mice, the last cell count failed 
to indicate a marked decrease in the number of tumor cells as the result 
of infection. A definite decrease in neoplastic cells was, however, found in 
other animals inoculated with the same dilution of virus. This might be 
explained by the assumption that a decrease of tumor cells could have 
occurred during the time elapsing between the last cell count and the death 
of the animal. It is also possible that some mice died of infection before 
oncolysis took place.® 

In control animals variations in tumor cells were only minimal. Never- 
theless, in two control mice, tumor cells were as low as 33 percent (exper- 
iment III, second day) and 25 percent (experiment IV, fifth day). The 
33 percent cell count was transient and was followed by a high count on 
the following day. It might have been due to experimental error. The 
25 percent of malignant cells in a control smear may possibly indicate 
that in rare instances exfoliation of tumor cells can be reduced even in 
untreated mice. 

The unusually shaped histiocytes observed in this study were not seen 
in control smears of mouse ascites tumors. They resemble ‘‘epithelioid”’ 
cells present in sections of tissues from the granulomatous type of lesions. 
It appears likely that the transformation of histiocytes into “‘epithelioid”’ 


5 Supporting evidence for this hypothesis may be found in the results obtained with West Nile virus, which was 
found to interfere significantly with the progress of the neoplastic process, as indicated by the results of bioassay 
(1). However, cytologic criteria of oncolysis were lacking until experiments were performed in mice resistant to 
the lethal effect of the virus. Smears from these animals revealed that biologic evidence of oncolysis was supported 
by cytologic evidence (3). 
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cells may occur in the ascitic fluid of mice and that it results from ingestion 
of large quantities of phagocytized material. 

Some justification may be necessary for the detailed tabulation of 
various types of non-neoplastic cells. This was done in order to detect 
any selective responses to the destruction of malignant cells that might 
have occurred on behalf of one of the three major groups of non-neoplastic 
cells. Although such responses proved to be inconsistent in the present 
study, a selective lymphocytic response was observed in a previously 
conducted investigation of the exfoliated cells in pleural and peritoneal 
fluids of inoperable cancer patients subjected to induced infection with 
West Nile virus (4). Conversely, however, the evaluation of cellular 
changes induced by viral infection and studied by the differential cell- 
count method appeared to be much more accurate in the case of mouse 
ascites tumors than in that of human serous effusions. This is partially 
due to the possibility of better distinguishing different cellular types in 
ascitic fluids of mice than in the case of pleural and peritoneal fluids from 
human subjects. 


Summary 


The infectivity of the Mengo encephalitis virus for the Ehrlich ascites 
tumor of mice has been investigated, and it was found that the virus 
multiplies at a faster rate in the ascites tumor than in mouse brain. 
Invasion of the tumor by the virus is followed by marked cytologic 
changes which lead ultimately to the destruction of the tumor cells. 
These phenomena are briefly discussed. 
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PLATE 48 
(All photomicrographs are X 600) 
Ficure 1.—Ehrlich ascites tumor cells in a control smear. 


FicureE 2.—Histiocytes containing phagocytic inclusions on the third day following 
inoculation of 10-8 dilution of virus (experiment IT). 


Figure 3.—Numerous cells in karyorrhexis on the first day after inoculation of 107? 
dilution of virus (experiment ITI). 


Ficure 4.—A large epithelioid histiocyte found on the second day after inoculation 
of 10-? dilution of virus (experiment ITI). 





Ficure 5.—A group of large epithelioid histiocytes seen on the third day after inocula- 
tion of 10-7 dilution of virus (experiment IT). 


Ficure 6.— Unusual histiocyte similar to those illustrated in figures 4 and 5, and 
containing cytoplasmic inclusions that favor the theory of its phagocytic nature 
(experiment IV). 
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Damage Induced in Sarcoma 37 with 
Chemical Agents. VII. Diphenyl- 
propylamines, Diphenylpropylenedi- 
amines, Diphenylalkanes, and Related 
Compounds ! 


J. Lerrer, J. L. Hartwe tt, I. Kurz, and.M. J. 
Suear, Laboratory of Chemical Pharmacology, Na- 
tional Cancer Institute,? Bethesda, Md. 


Following the discovery of the powerful action of colchicine as a mitotic 
poison, chemists began to synthesize analogs to see whether this property 
would be retained in related compounds of simpler structure (1-4). 
On the basis of the structure for colchicine proposed by Windaus (4), 
i.e. a reduced phenanthrene ring system, Lettré and Fernholz (2) prepared a 
series of derivatives of diphenylethylamine, a type of compound which 
would be formed were the B ring of colchicine to be opened appro- 
priately (text-fig. 1). A considerable number of such compounds were 
found (by Lettré and co-workers) to inhibit mitosis of fibroblasts in 
tissue culture.* The results of his systematic and extensive investigations 
have recently been summarized by Lettré (6). In this Laboratory we 
have investigated a large number of these compounds and found a large 
proportion of them to be potent in damaging Sarcoma 37 (7). These 
will be reported in detail in a separate communication. 

Later chemical evidence indicated that the Windaus formula for col- 
chicine was in error, and it was demonstrated that both the B and C 





COLCHICINE (WINDAUS) N-ACETYLCOLCHINOL METHYL 
ETHER (DEWAR, COOK, TARBELL) 





DIPHENYLETHYLAMINE DIPHENYLPROPYLAMINE 


TEXT-FIGURE 1. 





1 Received for publication August 7, 1953. 
2 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
3 Unless otherwise stated, effects reported by Lettré et al. are for this tissue culture technique. 
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rings of colchicine were seven-membered (8-12). Negative results have 
been reported by Lettré and co-workers (2-4) and by Skipper ef al. (13) 
with a small number of diphenylpropylamines, the analogous type of 
compounds that would be formed if the seven-membered B ring of colchinol 
methyl ether (an aromatized derivative of colchicine) were split (text- 
fig. 1). We also examined a series of this type of compound, but found 
that some of them possessed activity against Sarcoma 37. In addition, 
34 diphenylpropylenediamines and 26 diphenylalkanes, in which the 
length of the aliphatic chain was varied from 3 to 7, were examined. 
The results of these experiments are presented here. 


Materials and Methods 


The sources of the compounds employed are given below. For each 
compound in the tables the source is indicated by one of the following code 
letters. 


Code Source 

: . Dr. Lyndon F. Small, National Institutes of Health, Bethesda, Md. 

| ee . Dr. Robert E. Lutz, University of Virginia, Charlottesville, Va. 

ae . Chemical-Biological Coordination Center, National Research 
Council, Washington, D. C. 

|. Fearn Dr. L. H. Goodson, Midwest Research Institute, Kansas City, 
Mo. 

Seer Dr. R. B. Sandin, University of Alberta, Edmonton, Alberta 

SP ee George A. Breon and Co., Kansas City, Mo. 

G........... B. F. Goodrich Co., Brecksville, Ohio 

eee .... Hoffman-LaRoche, Inc., Nutley, N. J. 

AR rege ee eee Dr. L. L. Engel, Massachusetts General Hospital, Boston, Mass. 

: See Dr. Erich Mosettig, National Institutes of Health, Bethesda, Md. 


The methods employed in evaluating the damage induced in Sarcoma 37 
were described previously (14, 15). The observations, in most cases, 
were made 24 hours after a single subcutaneous injection in mice bearing 
6-day-old implants of Sarcoma 37. In some instances, observations were 
also made after 8 and 48 hours; such data have been combined to simplify 
the tabulation. For groups of compounds yielding negative results, only 
the highest dose used is reported, together with the mortality during the 
observation period (usually 24 hours). 


Results 


Table 1 summarizes the results obtained following injection of 1,3- 
diphenylpropylamines. The compounds have been grouped chemically 
in accordance with the position of the amino group on the propane chain 
(1-propylamines and 2-propylamines) and with the degree of oxidation of 
the chain (alcoholic or ketonic substituents). In the case of the 1-propyl- 
amines the variations in structure were a result of different substituents 
on the pheny] rings (A and B), but with the 2-propylamines the variations 
were in substituents on the amino group. In many instances, the amino 
group formed part of a heterocyclic ring (morpholine or piperidine). 
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Of the 27 derivatives of 1,3-diphenylpropylamine examined, 17 showed 
activity in damaging Sarcoma 37, but a dose near the maximum tolerated 
(MTD) was required. In several instances only a few of the tumors in 
a group were damaged. Of the 10 inactive compounds of this group, 
5 were insoluble in aqueous medium and were consequently injected as 
a suspension in oil. Of special interest are NCI-2910 and 3122, which 
are the diphenylpropylamine compounds that would result if the B-ring 
in colchinol methyl ether and colchinol, respectively, were opened as 
shown in text-figure 1. Both these amines induced damage in the tumors. 
On the other hand, NCI-3123 is the analogous compound that would 
result by opening the B-ring of N-acetylcolchinol methyl ether. This 
amine yielded essentially negative results; it was, however, insoluble in 
aqueous vehicle. 

Table 2 lists the effects obtained with 2,3-diphenylpropylamines. Four 
of the 10 compounds in this series showed activity in damaging Sarcoma 
37. 

Table 3 lists 34 diphenylpropylenediamines, none of which showed 
potency in damaging Sarcoma 37; the table gives the highest dose used 
and the mortality observed. Both of the amino groups in this series of 


TaBLE 2.—Damage induced in Sarcoma 37 with a single injection of derivatives of 2,3- 





diphenylpropylamine 
Le a 
NCI Compound Mor- | auc 
No. (tn aqueous vehicle) Source Dose tality * e- — 
(ug./gm.) 37t 





99v | N - Acetyl -8 - (4 - methoxypheny]l)-y- 
(3, 4, 5-trimethoxypheny]l) -n-pro- 
MEIN a 52's aicciac Hucwsaameesis I 1000 0/8 0/8 
2593 | 1, 2-Dipheny-3-piperidylpropanol - 1- 

DON ni pebiosset Keene sceceseeare B 300 2/8 2/6 


200 0/16 2/16 
581 | 1, 2-Diphenyl - 2 - (N - morpholino- 


methyl)-ethanone-HBr............ A 500 0/8 0/8 
743 | a-Dimethylaminomethyl-e-pheny! - p- 
methoxyacetophenone-HBr........ H 150 0/8 0/8 
83x | a-Dimethylaminomethyl-a-(p-tolyl)- 
acetophenone-HCl................ H 200 0/15 0/15 
96v | a-Dimethylaminomethyl-a-(3,4-xylyl)- 
acetophenone-HCl................ H 250 0/8 0/8 
1002 | 1,2-Diphenyl-2-(N-piperidinomethy]l)- 
IE as 2 cccrp ata haere belo wia'a B 350 2/16 4/14 
1159 | a-4-Piperidylmethylbenzoin.......... B 1000 0/8 0/8 
1306 | a- Dimethylaminomethy] - a - phenyl- 
acetophenone-HCl..............¢. H 150 2/8 2/6 
125 0/8 2/8 
1307 | a-Dimethylaminomethy]l- p-methoxy- 
a-(p-methoxypheny]) - acetophenone H 175 3/16 10/13 
So I ER LS NEU ee 150 1/8 6/7 




















No. of mice dead 


*. ° a 
Expecesed ax: No. of mice injected 


. No. of mice with induced tumor damage 
aap preenneel No. of mice sacrificed 





e The tumors in untreated control mice did not show 
induced damage. 
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compounds were incorporated in heterocyclic rings. Most of them were 
insoluble in aqueous vehicle. 

A group of 26 diphenylalkanes, with a chain length varying from 3 to 7 
but without a substituted amino group on the chain, were examined. 
These were found to be inactive in producing damage in the tumors. 
Table 4 lists the compounds, with the same type of information as in 
table 3. 


TABLE 3.—Diphenylpropylenediamines which did not induce necrosis in Sarcoma 37 
following a single subcutaneous injection 





Net | 








Compound* | Dose Mor- 
No. (in aqueous medium) Source (ug-/gm.)| talityt 
| | 
| Dipiperidino- compounds | 
55 | a,8-Dipiperidinobenzylacetophenone.......... A 1000 0/7 
56 | 2,3-Dipiperidino-1-anisyl-3-phenylpropanone-1. .| A 1000 0/5 
70 | 1-(4-Phenoxypheny]l)-2,3-dipiperidino-3-phenyl- 
BR eee ee | 1000 0/8 
2,3-Dimor pholino-propanone-1 | 
57 | 1-(2,5-Diphenylfuryl-3)-3-phenyl.............. | A 1000 0/8 
58 | 1-(2,4-Di-isopropylphenyl)-3-phenvl-......... .| A 1000 0/8 
59 1-(2,5-Dimethylphenyl)-3-phenyl-............. A 250 0/8 
6v_ | 1-(4-Isopropyl)-3-(4-methoxyphenyl)-......... A 1000 0/11 
6x 1-Phenyl-3-(3-methylphenyl)-f...............) A 1000 0/8 
60 1-Phenyl-3-(4-isopropylphenyl)-.............. | A 1000 0/8 
61 1-(4-Phenoxyphenyl)-3-phenyl-............... A 1000 0/8 
71 1-(1-Naphthyl)-3-phenyl-.................26. A 1000 0/8 
72 | 1-p-Bibenzyl-3-phenyl-...................... | A 1000 | 0/8 
73 1-p-Bromophenyl-3-phenyl-.................. A 1000 0/8 
74 | 1-(4-tert.-Butylphenyl)-3-phenyl-.............. A 1000 0/8 
75 | 1-(4-Propoxyphenyl)-3-phenyl-............... A 1000 0/8 
76 1-(2-Naphthyl)-3-phenyl-.................... | A 1000 0/8 
78 | 1,3-Di-(4-methoxyphenyl)-................... | A 1000 0/15 
8x 1-(3- Methyl-4-chlorophenyl)-3-phenyl-......... A 1000 0/8 
80 | 1-Phenyl-3-(4-chlorophenyl)-................. A 300 0/10 
534 1-Phenyl-3-(o-methoxyphenyl)-............... J 1000 0/24 
ee 8 ek oa wo ue ack ne nw cade uieG ce mlales J 1000 0/8 
0 0 Ns oo hors giniare sie/ trainin aeiak oan ete J 1000 0/6 
ef ea oo 6 ores okie koa Sisicienitis swee's J 1000 0/8 
541 | 1-(4-Isopropylphenyl)-3-phenyl-.............. J 1000 0/8 
542 | 1-(4-Butoxyphenyl)-3-phenyl-................ J 1000 0/8 
543 | 1-(4-Isopropoxyphenyl)-3-phenyl-}............ J 1000 0/8 
| Miscellaneous 
54 | a,6-Di-N-morpholinobenzylacetoneft........... A 150 0/8 
62 1-Anisyl-3-phenyl-2,3-di-(1,2,3,4-tetrahydroiso- 
|  quinolino)-propanone-l.................... A 1000 0/8 
77 | 1,3-Dipheny]l-2-piperidino-3-morpholinopropa- 
ee OBE re a ee A 150 0/8 
79 | 2,4-Diphenyl-3,4-dimorpholinobutanol-2t...... A 500 0/8 
8v | 1,3-Diphenyl-2-morpholino-3-anilinopropanone- 
SEE eer ener e er A 1000 0/8 
537 | $42 Coteseg hang) 60-410 -caespheiine)-bate- ; 
NN dee tale aii pia dard week AAS eee Soe bie 250 0/8 
54v | a,8-Dimorpholinobenzylpinacoloneft........... J 1000 0/8 
599 | 1,3-Diphenyl-2,3-di-(N-methyl-benzylamino) - 
EL cevccccader abn wacennes anes ys J 1000 0/8 














*Most of these compounds were made available to us from the collection of compounds at the National Institutes 


of Health that were used in a survey of compounds for antimalarial activity. 
tExpressed as: 


No. of mice dead 
No. of mice injected 





tIn olive-oil vehicle. 
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TaBLE 4.—Diphenylalkanes which did not induce necrosis in Sarcoma 37 following a 
single subcutaneous injection 














_ Compound (in olive-oil vehicle) Source Ph oe tab 
Diphenylpropanes 
1292 | Dimethyldi-(p-hydroxyphenyl)-cyclobutane. . . . G 1000 0/8 
1566 | y-Nitro-8-phenylbutyrophenone.............. C 1000 0/8 
1567 | 8-Benzoyl-8-bromo-a-phenylpropionic acid 
I IN 5 4. ob. a 600-0 WK 6 hack H4 She bioae be Cc 1000 0/8 
OR. ree C 1000 0/8 
1571 | 1,3-Diphenyl-1,3-propanedione............... C 1000 0/8 
1576 | 2-Bromo-1,3-diphenyl-1,3-propanedione........ C 700 1/8 
1577 | «,8,4-Tribromo-8-phenylpropiophenone........ Cc 1000 0/8 
1578 | @ '8-Dibromo- 8-phenylpropiophenone.......... Cc 1000 0/8 
1579 | 8-p-Chlorobenzoyl-a-phenylpropionic acid methyl 
WN pooch anc ea wean mamma neenamaueus Cc 1000 0/8 
1580 | p-Bromo-a-hydroxy mercuri-§-met hox y-f- 
js palace at open SE aaa Cc 175 0/8 
1582 | a-Chloro-a,8-diphenylpropiophenone. . C 1000 0/5 
1585 | 2-Nitro-3- -phenyl- 1-cyclopropy Iphenylketone. . C 1000 0/7 
1586 | y-Nitro-8-(m-nitrophenyl)-valerophenone...... C 1000 0/7 
1587 | y-Nitro-8-phenylvalerophenone............... C 1000 0/7 
1592 | y-(p-Chlorophenyl)-y-oxo-a-phenylbutyronitrile. Cc 1000 0/8 
1593 | 2-Nitro-3-phenyl-1-cyclopropyl-p-chlorophenyl 
i RRR perth osn ee ate ae eee C 1000 0/8 
1594 | a-Bromo-y-nitro-8-(p-nitrophenyl) -butyrophe- 
Be RS ee ee ore Cc 1000 0/8 
1595 | y- Bromo-y-nitro-8- phenylbutyrophenone. . ; C 1000 0/8 
1597 | y-Bromo-p-methoxy -y-nitro-8,7- diphenylbu- 
Re ee Ore Cc 1000 0/8 
1601 | B-Bromo-8-(p-chlorobenzoyl)-e-phenylpropionic 
we aaa eee eae eee Cc 1000 0/8 
1602 | p-Chloro-y-nitro-8-phenylbutyrophenone....... C 1000 0/8 
| Diphenylbutanes 
702 | 1,4-Di (p-chlorophenyl)-2-N-piperidino-butane- 
RO Rr ea Fe CRESS B 1000 0/8 
1588 | 8-Benzoyl- B-nitro-8’-phenylisobutyric acid 
i CO SC?" ose ee Cc 1000 0/8 
1596 | 8-Bromo-8-benzoyl-$’-nitro-8’-phenylisobutyric 
a Ae re er eerie erent C 1000 0/8 
Diphenylpentanes 
1575 | a-Benzohydryl-y,y-dibenzoyl-8-phenylbutyro- 
MINI sich: ¢Winaacdinltia’arevea aiccare oe arate alee NOE Cc 1000 0/8 
Diphenylheptanes 
1589 | a,a-bis(2-Benzoyl-1-phenylethy])-a-tolunitrile. .. Cc 1000 0/8 

















+ imanieine No.of micedead 
P * No. of mice injected 
t In aqueous vehicle. 


Discussion 

As with the biphenyl] and tropolone derivatives described in a previous 
publication (16), high potency in damaging Sarcoma 37 was not exhibited 
by the diphenylpropylamines. These simpler analogs of colchicine did 
not yield any compounds with as high a potency, or with as great a range 
between the maximum tolerated dose (MTD) and the minimum effective 
dose (MED), as shown by colchicine and some of its derivatives. Never- 
theless, as with the tropolones, it is of interest that some potency in damag- 
ing Sarcoma 37 was retained by some of the diphenylpropylamines. It 
might be worth while to investigate compounds analogous to a simplified 
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colchicine molecule in which a seven-membered tropolone ring replaced 
one of the two phenyl groups in the diphenylpropylamines. Although 
the diphenylpropyl compounds are analogous to colchinol derivatives, 
which have shown high potency in our experiments (15), it is conceivable 
that the presence of these two functional groupings (propylamine and trop- 
olone) of the colchicine molecule might result in greatly enhanced 
potency. 

The diphenylpropylamines appear to differ from the colchicines (15) 
in the apparent relationship between potency and solubility in aqueous 
vehicle. The majority of the insoluble 1,3-diphenyl compounds were in- 
active or showed negligible potency. Of the five water-soluble derivatives 
that were inactive, doses were generally less than lethal, inasmuch as 
deaths were obtained with only one compound at the doses administered ; 
it is possible that higher doses of these compounds might have induced 
damage. 

Activity was shown by five of the eight 2-amino-1,3-diphenylpropyl- 
amines. The position of the amino group in these compounds is not analo- 
gous to that in the colchicine molecule. This raises the question as to 
whether a similar displacement of the amino group in colchicine would 
yield compounds that were potent. So far we are not aware of any such 
compounds. Santav¥ (17) has recently published data indicating that 
one of the compounds (compound F) he had isolated from the colchicum 
plant may be isomeric with trimethylcolchicinic acid methyl ether, but 
with the amino group shifted to the position analogous to that in the 
2-propylamines. The biologic activity of this newly found component of 
the colchicum plant should be interesting to investigate. Kenner (18) 
and Cook et al. (19) have also prepared a dibenzcycloheptane derivative 
with an amino group in a position analogous to the 2-propylamines, but 
no information is available as to its biologic properties. 

Although the 2,3-diphenylpropylamines are not strictly analogous 
either to the older Windaus formulation of colchicine or to the newer 
Dewar-Cook-Tarbell one, interest in this type of structure arose from 
the report by Cook and Engel (1) that Brues [personal communication 
in (1)] had found that this type of compound had an effect on cells. In 
addition, Cook et al. (20) prepared the analogous phenanthrene derivative 
(below) which Lettré and Hartwig (4) found active in inhibiting mitosis of 
normal fibroblasts in cultures. Lettré 
and co-workers (2, 21) found these 


Cae CEMECOCR, propylamines (including the amine 
CH;0 that would occur if the middle ring 
of this phenanthrene derivative were 

CHs OCH, opened appropriately) to be inactive. 


In our experiments the analogous ace- 

tylated amine (NCI-99v, table 2), was 
also inactive. Nevertheless, we were able to induce tumor damage with 
4 propylamines of this type. These active compounds all had the propane 
chain in some stage of oxidation (alcoholic or ketonic) and the amino 
group was a tertiary one. 
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For several years Lettré and co-workers (2, 4, 21, 22) attempted to cor- 
relate the biologic activity of opened ring structures (diphenylethylamines 
and diphenylpropylamines) with their closed ring analogs (phenanthrene, 
colchicines, colchinols, etc.). The diphenylethylamines were active in 
inhibiting mitosis, whereas their phenanthrene analogs were inactive. 
Obversely, the diphenylpropylamines were inactive in their hands, whereas 
the closed ring analogs related to colchicine were active. Since they were 
unable to obtain any good or consistent correlation between open and 
closed ring analogs, Lettré and Hartwig (4) concluded that no biologic 
analogy existed, and that the diphenylethylamines should be considered 
a specific, independent type of configuration for antimitotic activity. 
They considered this configuration to be unrelated to the colchicine-type 
structure. 

It is not possible for us to draw a similarly positive conclusion between 
the tumor-damaging potency and structure of colchicine and of the 
diphenylaminoalkanes as Lettré et al. have drawn for inhibition of mitosis 
of fibroblasts. The tumor-damaging potency we have observed with both 
types of propylamines is not inconsistent with tumor-damaging activity 
of their closed-ring analogs, colchinol and its related derivatives. Simi- 
larly the antimitotic activity or tumor-damaging potency of y-substituted 
tropolones observed by Katsura et al. (23-25) and by us (16) is not incon- 
sistent with the activity of their analog, colchicine. Apparently none of 
these structural analogs account for the high potency exhibited by the 
colchicine-type configuration. 

Correlations between chemical structure and biologic activity may vary, 
depending on the particular biologic phenomenon being observed. There 
is no reason to expect that different phenomena (antimitotic activity, 
tumor-necrotizing activity, etc.) observed by Lettré and by us should 
necessarily parallel each other as chemical analogs of compounds are 
evaluated. As a matter of fact, even with simple derivatives of colchicine 
there have been quantitative variations between observations of these two 
phenomena with the same compounds. It would not be unusual to expect 
even qualitative differences to occur, once radical changes in structure are 
effected, as is the case with diphenylpropylamines. 


Summary 


1) Seventeen of 27 derivatives of 1,3-diphenylpropylamine induced 
damage in Sarcoma 37 following a single subcutaneous injection. 

2) Four of 10 derivatives of 2,3-diphenylpropylamine induced damage 
in the tumors. 

3) Thirty-four diphenylpropylenediamines and 26 diphenylalkanes, 
with carbon chains varying from 3 to 7 in length, were inactive in pro- 
ducing tumor damage. 
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The Glycogen Content of Cell Suspen- 
sions Prepared from Massive Tissue 
Culture: Comparison of Cells Derived 
from Mouse Connective Tissue and 
Mouse Liver ' 
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E. SHANNON, JR.,> and Witton R. Eartez,’ Endo- 
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In view of the limited knowledge concerning the character of cells 
maintained for extended periods in vitro and since it is exceedingly difficult 
or impossible, on the basis of morphology or growth characteristics, to 
identify cells that have been maintained for years through subculture as 
cell suspensions, it has been deemed highly desirable to obtain information 
on a normally occurring specialized function. 

Homogenates from normal liver are reputed to inactivate the hormone 
estradiol in vitro, and the failure of homogenates from strain 721 liver cells 
from the mouse to inactivate estradiol (1) raised grave questions as to the 
identity of the cells. Accordingly it was decided to examine another 
function, that of glycogen storage, to see if the cells still possessed this 
faculty. At the same time a study was to be made of the pure strain L 
fibroblasts from the mouse (2), which were grown under the same condi- 
tions, in order to have a comparison of glycogen content. This study was 
predicated on the hypothesis that in the liver of the animal the parenchy- 
mal cells are the primary site for storage of glycogen, and that if glycogen 
storage occurred under in vitro conditions as in the present study it would 
be greater in liver parenchymal cells than in similarly cultured connective 
tissue fibroblasts. 

Should it be found that the strain 721 cells were able to elaborate a 
greater concentration of glycogen than the fibroblasts, it would be strong 
supportive evidence for their identity as liver epithelium. If it were found 
that the two strains had the same glycogen content or that there was no 
glycogen in either, the following alternatives would be presented: the 
strain 721 cells did not actually originate from liver epithelium; the strain 
721 cells had been so altered by long maintenance in culture as to lose any 
specialized capacity to store glycogen; the culture medium, although ex- 
ceedingly effective in promoting rapid multiplication of the cells, was 

1 Received for publication July 15, 1953. 
2 Endocrinology Service, Research Medical Branch, National Cancer Institute. 


3 Tissue Culture Section, Laboratory of Biology, National Cancer Institute. 
4 National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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lacking or too low with respect to some factor or factors needed for 
glycogen formation and storage in the intact animal; or finally, that there 
were toxic materials formed in the used medium blocking glycogen 
storage. 

The primary result of this study was that under the conditions main- 
tained, the strain 721 cells believed to be liver epithelium had a glycogen 
content some 25 times as great as that of the strain L (929) mouse fibro- 
blasts. Concurrently, studies made on the rate of disappearance of 
glucose from the medium in which the cells were growing, presumably thus 
measuring rate of utilization of the glucose by the cells, revealed that this 
rate was very similar for the two cell types despite the greater glycogen 
content of the liver cells. 


Experimental Procedure 


1) Design of experiments —Two designs of experimental conditions were 
used: the first was set up chiefly for a comparison of glycogen content of the 
two cell types in massive culture; the second for a study of glucose utiliza- 
tion from the medium as well as comparison of glycogen content. 

2) Validation of procedure for glycogen.—It was necessary to adapt the 
excellent procedure of Good, Kramer, and Somogyi (3) to the manip- 
ulative procedures made necessary by flask culture of the cells and to the 
microgram quantities of glycogen expected from the flask culture; it was 
also necessary to ascertain the limits of reliability of the procedure when 
applied to these minute amounts. Accordingly considerable time was 
spent in establishing these limits, and the results of this examination are 
briefly reviewed. Nelson’s (4) sugar and color reagents were used for 
estimation of the reducing material after hydrolysis of the glycogen except 
that the amount of sulfate added to the former reagent was reduced by 10 
percent. Otherwise there was trouble with the nearly saturated sulfate 
solution giving crystals. 

The cells were packed in the centrifuge tube at 1,500 X g, washed once 
with saline, the volume of the cells was ascertained, and alkali added as 
required. In view of the minute amounts of glycogen found in the strain 
L fibroblasts it was necessary to exercise considerable attention to detail 
in the procedure, since any reducing material such as aldehyde from the 
alcohol precipitation of the glycogen reacted to give high results. Samples 
were ordinarily run in duplicate, so that starting with about one gram of 
material, in an instance such as that of strain 929 cells of date 7/14/50 
from table 2, the final spectrophotometry was done on a solution containing 
about 5 micrograms as glucose. The horse serum—embryo extract medium 
gave a barely detectable value of 2 micrograms per ml. of apparent glyco- 
gen when put through the procedure.’ Because of the saline wash it 
appeared unnecessary to subtract such a figure, because when the milliliter 
of medium was decanted and the tube then washed with saline as was 

§ Since this work was completed a report has appeared by Leibson (5) [cf. Lee (6)}], wherein he finds the liver of 


the 9-day chick embryo to contain 500 milligrams percent glycogen, It seems very probable that this may be the 
primary source of glycogen of the medium as here used. 
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done with the cells, the resulting end value was indistinguishable from the 
reagent blank. 

Glycogen was added to the medium in concentrations simulating those 
obtained from the cells of the cultures, and analyses were carried out to 
see what quantities could be recovered. Several experiments were made 
in the low range of 3 to 12 micrograms of glycogen per flask, to cover the 
general range of glycogen found in the fibroblasts and delimit the reliabil- 
ity of the analyses for the strain 929 fibroblasts. In twelve such experi- 
ments where the average quantity added was 7.7 micrograms, recovery 
was 7.1 micrograms. In nine similar experiments where added amounts 
ranged from 21 to 90 micrograms per flask to simulate the quantities 
found with the strain 721 liver epithelial cells, the average quantity was 
40 micrograms added, and the average for the quantity recovered was 39.9 
micrograms. The slightly better recovery with the larger quantity is 
probably ascribable in part to the greater facility in sedimenting and 
collecting the precipitate of glycogen. Theoretically recovery of added 
material should be slightly low in all instances. The fact that a few 
recoveries are high must reflect the difficulties of removing all extraneous 
reducing material. Since the sample of 721 cells having the lowest glyco- 
gen is still 20 times as high in glycogen as the lowest of the 929 series, 
there was adequate material to run a preliminary estimation and then 
make suitable volume adjustments to bring the final estimation into the 
optimum range of 20 to 50 micrograms. 

Replicate analyses of the strain 721 cells from one experiment are 
shown in table 1, inasmuch as an experiment of this sort more nearly 
reflects the experimental conditions encountered when dealing with the 
material under study as contrasted with the experiments on recovery of 
known quantities of glycogen added. 


TABLE 1.—Reproducibility of the method for glycogen when applied to strain 721 cells* 














Gm. glycogen Deviati 

* Y eviation Percent 

Sample No. ae from mean | deviation 
P42 caida mataie eae dante Gram eae 2. 45 0. 05 21 
SE a ere eee ne ae a. 2. 41 0. 09 3. 6 
(REE eto Hie Mishary ae ies wy cea aim Meet ae Roe 2. 48 0. 02 0.8 
SEE EOE AREER A pet en hy eben eat 2. 66 0. 16 6. 4 
assed a gars ate ae ene tal hike ae 2. 52 0. 02 0.8 
2. 50 0. 068 2.7 











* Aliquots of the suspension were centrifuged down and the cells of each tube carried through the entire analyt- 
ical procedure. These cells were from the experiment of 10/2/50 of table 2 on the strain 721 C3H mouse liver cells. 

Hydrolysis on the above glycogen samples was carried out directly in 
the tube used for precipitation of the glycogen, the sulfuric acid was 
neutralized and the excess sulfate removed simultaneously by careful 
titration with barium hydroxide. A suitable aliquot of the supernatant 
was taken after centrifugation at 2,500 X g. In the event the end point 
was overstepped in the above titration, a precipitate appeared when the 
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sulfate-containing sugar reagent was added in the next step. Where 
there was little precipitate the estimation could still be saved by centrif- 
ugal removal of the barium sulfate and use of an aliquot of the remaining 
supernatant. 

8) Collecting cells for glycogen estimation—For the direct comparison 
of the glycogen content both liver cells and fibroblasts were used, both 
maintained in T-60 flasks (7) according to the procedure described by 
Evans et al. (1). The cells were harvested 3 hours after renewal of the 
feeding solution, as it was inferred from reports in the literature (8-13) 
that much of the glucose added with the fluid change would have been 
removed from the solution by this time and perhaps converted to glycogen. 
Sufficient of the large cultures were pooled so that there were approxi- 
mately 1,000 mg. of the cells available for analytical work, following 
centrifugation to pack the cells lightly in the bottom of a tube. 

4) Estimation of glucose, total nitrogen, protein, and dry weight.—For 
the glucose studies on the culture fluid, protein was removed by precipita- 
tion with zine hydroxide (14) and subsequent centrifugation and filtration. 
Glucose was estimated in the filtrate by the same procedure as used for 
the glycogen hydrolysates. The standards were put through the barium 
hydroxide-zine sulfate treatment in a fashion similar to the supernatant 
from the cell cultures. The Coleman Universal #14 spectrophotometer 
was used at 660 X.° 

Total nitrogen was estimated by the procedure of Hiller, Plazin, and 
Van Slyke (16), with absorption of the ammonia in boric acid and titration 
with a mixed indicator (17). 

Dry weights were taken by heating the cellular mass at 100° C. to 
constant weight. Total protein was calculated as 6.25 times the total 
nitrogen obtained by the aforementioned modified Kjeldahl methods.’ 

5) Measurement of number of cells present—The quantity of cells taken 
for the glucose utilization studies was ascertained by the procedure for the 
enumeration of cell nuclei (18) and application of the method for the 
preparation of replicate cultures (19) previously reported. 


Results 


The comparison of glycogen content for the two cell strains grown in 
massive culture under identical conditions is shown in table 2. The 
results are expressed as grams of glycogen per 100 grams of cell protein 
as it is believed that this gives a clearer picture of the relationship of cell 
mass to glycogen content than would the calculation on the total dry 
weight basis, following the saline wash. It is believed that in this way 
little error is introduced, because of the low glycogen content. The 
glycogen content never becomes as great as that of the liver of a normal, 

* Ringbom (15) curves were run at various wave lengths and 660 A selected as that showing suitable sensitivity. 

7 We are indebted to Mr. E. Myles Glenn of the Endocrinology Branch for the Kjeldahl nitrogen analyses. 

§ Fenn and Haege (20) have shown, however, that in the intact animal the deposition of glycogen in the liver is 
accompanied by amounts of water, potassium, and chloride such that the concentration of each of these substances 


in the liver remains unchanged, while the protein becomes diluted to the extent that would be expected if the 
original absolute amount of these substances remained unchanged by the addition of glycogen and water. 
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TABLE 2.—Glycogen content of strain 721 mouse liver epithelial cells and 
strain 929 (L) mouse fibroblasts 

















Protein 
Gm. glycogen 
Date Strain pescent, per 100 gm. 
wet weight watai 
(6.25 N) P 

? 721 18. 6 2. 50 
EE {309 =? = 
ale 721 21.4 2. 99 
OE core te ar {529 as 2S 
721 17.9 4. 30 
sn eee {$09 so. ‘3 
se 721 19. 6 4. 95 
ko a ee {539 i . = 
ec ain ee ee eee 721 16. 9 3. 45 
ea 721 16.5 4. 36 
SER {i =? 7 
RR 6 ty, oe 721 17.4 0. 69 
oc ke ia ae 929 15. 4 0. 04 
RRR RRR SS IEEE 721 15. 0 3. 07 
RRR RRR Rt cioteesh ie 929 14.9 0. 04 
oe i ge ep eed | 721 15. 0 1. 20 





Average 721=3. 06 
Average 929=0. 123 
Ratio 721/929=24. 9 





intact, fasting mouse (cf. 21) even in the strain 721 cells that originated 
from liver epithelium, but the content of the strain 721 cells is 25 times 
that of the strain 929 fibroblasts. 

Incidental to the examination of the large cultures for glycogen content 
of the cells, glucose was estimated in the supernatant nutrient medium 
after centrifugation of the cells to remove them for glycogen analysis. 
Glucose had been added to the medium as prepared in order to bring the 
total content to approximately 100 mg. per 100 ml. of nutrient. Typical 
results are shown in table 3 from data obtained incidental to the experi- 
ment of 8/28/50 of table 2. 


TABLE 3.—Glucose content of used and control medium at stated intervals 














Glucose content (mg./100 ml.) 
“é Used’’ . 
: Control medium 
: Elapsed medium 
Cell strain time 
Incubated | Incubated |Frozen(—5°) 

at 37° | at 37° with-| without 
(hours) with cells | out cells cells 
72) { 3 74 98 100 
RG ee EE eT tt heady 72 0 102 100 
3 71 100 100 
(EO Sea ee {3 : - - 

















Vol. 14, No. 3, December 1953 








660 WESTFALL, EVANS, SHANNON, AND EARLE 


The percent glucose removed from the medium by replicate cultures 
of each of the two strains of cells grown in T-12 (7) flasks during a 48-hour 
interval succeeding renewal of the nutrient is shown in text-figure 1. Fol- 
lowing the renewal, replicate cultures were removed and counted at 2, 12, 
24, 36, and 48 hours and the results of the population count are shown in 
text-figure 2. The experiment was repeated with the populations ad- 
justed to more nearly equal density and an attempt was made to follow 
the glycogen content of the cells under these conditions. The attempt 
to estimate glycogen in a single culture from one T-12 flask was never 
very satisfactory because the use of a single small culture drops all values 
for glycogen down into the region where the percentage error is large. 
The glucose utilization and the cell count are shown in text-figures 3 and 4, 
respectively. The glycogen content of the cells during this time is shown 
in table 4. Content is reported by T-12 flask rather than as a percent of 
protein or dry weight, inasmuch as the volume of work needed to set up 
and handle sufficient flasks to permit cell enumeration and estimation 
of glucose, total protein, and dry weights was such as to preclude all these. 
Wet weight determinations were made on the total cells in a few of the 
flasks from experimental series #1271, and since cell numbers were known 
from the nuclei counts on replicates, calculations could be made as to the 
weight of the individual cells. Such calculations have been made in 




















table 5.° 

J T T T T l 
fo} A 
© 
a 
< 80H “| 
a. 
w 

= 
” 
o> 60F = 
CO 
aw 
+= 
© 

Z 40+ “1 
7) 
= 
< a 
© 20- c - 
5 B 
2 
= 0 | l | ] l 

0 10 20 30 40 50 


TIME (HOURS) 


TEXT-FIGURE 1.—Experiment 1271. Time-course of glucose content of the medium 
supporting the cells. A) Control, incubated medium without cells; B) supernatant 
medium from strain 721 cultures; C) supernatant medium from strain 929 cultures. 


* In view of the difficulties and uncertainties connected with glycogen analyses on these small quantities of cells 
we have refrained from making further calculations on glycogen content of the individual small flasks. 
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TEXT-FIGURE 2.—Experiment 1271. Number of cells per T-12 flask during the time 
course of the experiment. 


TABLE 4.—Time-course of glycogen content of 
cells from individual flasks 





Micrograms per flask 








Time 
(hours) Strain 721* Strain 929f 
2 29 6 
4 22 2 
8 13 0 
12 6 0 
24 0 0 
48 0 0 
72 0 0 











* Mouse liver epithelium. 
t Mouse fibroblasts (fibrosarcoma). 


TABLE 5.—Calculation of the wet weight of a single cell of the strains 721 and 929 
mouse cells 








. = Weight of 
: Sample | Wet Dry Dry No. of ; 
Flask series time weight weight weight cells SS 
(No.) (hours) (mg.) (mg.) (percent)| (million) | (micrograms) 
721-A-18 24 &. 5 1.0 18. 2 2.0 2. 75 
929-B-9 24 19. 6 3. 7 18. 9 5.3 3. 7 
929-B-23 48 15. 6 3.0 19. 2 4.6 3. 4 
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TEXT-FIGURE 3.—Experiment 1322. Glucose remaining in the culture medium 
during a 72-hour period. @—Control, incubated culture medium without cells; 
A—supernatant medium from strain 721 cells; O0—supernatant medium from strain 
929 cells. 





























10,000,000 - - 1 

7 oO. 

_— — — 

-_ 72! 
o A al 
a 
a 
w 
oO 
u 1,000,000 + a 
° . = 
re) al 
z 4 7 

l l | I — l 
° 10 20 30 40 50 60 70 


TIME (HOURS) 
TEextT-FIGURE 4.—Experiment 1322. Number of cells per T-12 flask during time- 
course of the experiment. 


Discussion 


Under the conditions of the present experiments the strain 721 and 
strain 929 cells, maintained for years by the cell-suspension method of 
subculture ” onto glass or cellophane substrate, show a glucose utilization 
very similar to that reported in the literature for cells maintained by the 
discrete explant method (10). There is no obvious connection between 
glucose utilization and growth, nor does there seem to be any correlation 





1 At the time of initiating these experiments strain 929 had been carried for 10, strain 721 for 2 years. 
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between glycogen content and glucose utilization since the strain 929 cells 
withdrew the glucose from the medium at approximately the same rate 
as the 721 cells of liver origin. On the basis of the lesser number of cells 
in the 721 flasks in both experiments, it would appear that there may be 
a greater glucose utilization per individual cell by the cells of liver origin. 

As stated at the outset, one aspect of this study was to see if the strain 
721 cells could be more clearly defined with respect to what was believed 
to be their origin. The greater glycogen content compared with that of 
strain 929 cells is compatible with the belief that the strain 721 cells are 
liver epithelium. The strain 929 fibroblasts are, however, descendents 
of a strain once found to have undergone sarcomatous change, and at 
the time of use in these experiments were still capable of yielding sarcoma 
in a very low percentage of reinoculations into mice of the same strain. 
It has been reported that sarcoma-bearing mice are able to deposit less 
glycogen (21) in the liver than are normal control animals. While the 
possibility may seem remote, it needs to be borne in mind that the strain 
929 cells, by having once produced sarcomas, may have lost the power to 
store glycogen. Consequently the finding that the strain 721 cells have 
25 times the glycogen content of the fibroblasts must not be given the 
weight of finality as a criterion for distinguishing these cells, especially 
since this content is less than that shown by the liver of the intact, fasting 
mouse. 

The conditions chosen for these studies, i.e. growing the cells in standard 
stock medium of horse serum, chick-embryo extract, and saline, were 
those known to favor good growth and multiplication of the cells over long 
intervals as determined by counts of the nuclei. One must infer from the 
literature, particularly the work of Hastings’ group (22-24), that the 
conditions are suboptimal with respect to the synthesis or maintenance of 
any considerable glycogen stores in the cells. 

For the primary purpose of this study it seemed inadvisable to alter 
the ionic environment as drastically as appears to be called for to achieve 
optimal conditions for this one function. Rather it was believed that if 
work was to be done on the effect of the ionic environment on glycogen 
storage or utilization that it should constitute a separate study. 


Summary 


A study of the glycogen content and glucose utilization of strain 721 
mouse liver epithelial cells and strain 929 mouse fibroblast cells has been 
made with the cells grown as suspensions under similar conditions. 

There was no pronounced difference in the rate of removal of glucose 
from the medium by the two strains. 

The glycogen content of the strain 721 cells was found to be 25 times 
that of the strain 929 cells. Insofar as this finding yields information as 
to origin it is compatible with the view that the strain 721 cells, originally 
taken as biopsy of liver epithelium, are still liver epithelium despite mor- 
phologic appearance. 
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Tissue Transplantation Conference ' 


The tissue transplantation conference held at Arden House, the Harriman campus 
of Columbia University, Harriman, New York, October 7 and 8, 1952, was organized 
in response to the desire expressed by many investigators for an opportunity to get 
together and exchange up-to-the-minute information in this rapidly advancing field. 
The conference was held under the auspices of the Morphology and Genetics Study 
Section, Division of Research Grants, National Institutes of Health. An attempt was 
made to organize the meeting as a working conference in which those actively engaged 
in the clinical and experimental aspects of tissue transplantation could enter informally 
into free exchange of ideas in order to define the problems involved in transplantation 
of tissues in man, to ascertain what light was being shed on these problems by present 
experimental work, and to see what new approaches to the problem were indicated. 
Two days were devoted to the conference, with three sessions each day. The con- 
ference opened with a session on clinical problems, and the five following sessions bore 
more directly on experimental work. 
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The Homologous Transplantation of 
Tissues: Clinical Aspects ! 


W. P. Lonemire, Jr., Major, Medical Corps, 
United States Air Force 


In clinical medicine the term homograft is widely used to denote the 
tissue transplanted from one individual to another of the same species. 
The present evidence suggests that certain tissues that have been most 
frequently used clinically as homografts, such as cartilage, bone, cornea, 
and blood vessels, serve only as supporting structures for the invading 
cells of the recipient, and that the cells of the grafted tissue die. Such 
grafts have been found to serve a very useful purpose in clinical practice 
and as the principles of their preparation and preservation, as well as 
their limitations, are better understood, their application will undoubt- 
edly be widened. The problems involved in this type of more or less 
inert graft differ in many aspects from the problem involved in the suc- 
cessful transfer of tissues whose cells must maintain their ability to grow 
and reproduce. 

To clarify and emphasize this difference, the term homostatic graft 
might be applied to inert tissues such as bone and cartilage when trans- 
ferred from one individual to another of the same species; and the term 
homovital graft might be used in reference to grafts whose cells must 
continue to grow and reproduce for the graft to be effective after similar 
transplantation. 

There are many common problems in the study and use of these two 
types of homografts, but the differences in clinical application are suffi- 
ciently great to justify such a classification. 

The purpose of this report is 1) to review the present status of certain 
homostatic grafts, and 2) to discuss the limited clinical uses and problems 
of homovital grafts. 


Homostatic Grafts 


Many surgeons, including this author, have found the results of grafting 
with autogenous tissues such as cartilage, bone, and fascia sufficiently 
superior to the results obtained by the use of similar homografted mate- 
rial that the patient’s tissues are utilized whenever possible or practical. 
Although there is little statistical clinical evidence to support the impres- 
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sion, autogenous grafts seem less susceptible to infection, inflammatory 
reaction, and absorption than comparable homologous grafts. At times, 
obtaining autogenous tissue may increase the magnitude of an operative 
procedure to such an extent that the use of homologous tissue may be 
indicated as a practical substitute. In other instances the lack of any 
available autogenous tissue for transplantation, such as in cases of cor- 
neal grafts, large bone grafts, or blood-vessel grafts, may require the 
utilization of homologous tissue. 

Blood vessels —Although the idea of transplanting vessels from one 
individual to another to bridge vascular defects has been attempted and 
discussed at intervals since the report of Carrel (1) in 1908, Blakemore et al. 
(2, 3) and Gross and Peirce (4) reawakened current interest in the tech- 
nique. In 1942, Blakemore introduced the vitallium-cuff technique to 
expedite blood-vessel anastomoses and suggested the use of autogenous 
and preserved homologous vein and artery grafts to bridge critical arte- 
rial defects, particularly in isolated vascular injuries occurring during 
warfare. 

Gross and Peirce in 1949, studied the preservation of arterial grafts 
and recommended that the vessels be stored in a balanced salt solution 
with 10 percent plasma or serum, and with penicillin. 

The reaction of the host destroys all the cells within the graft in 3 
weeks, according to Swann (4). The elastic tissue persists for at least 
2 years. Within 1 month the graft is surrounded by firm fibrous tissue 
and new endothelial cells grow in from the ends of the vessel to line the 
graft completely. 

It is interesting that although all the investigators in this field are 
apparently agreed that this type of graft serves only as a supporting 
framework for the invading tissues of the host, Peirce and Gross (6) 
found a close correlation between the viability of the cells of the graft 
when grown in tissue culture and the successful function of the graft 
following transplantation. Grafts placed in balanced salt solution with 
10 percent plasma and maintained at 4° C. “took’’ well when trans- 
planted, and the vitality of the cells of the grafts in tissue culture was 
high, if they had not been stored longer than 45 days. The percentage 
of “‘takes’”’ and the percentage of viable cells in tissue culture decreased 
progressively with longer periods. 

Coleman, Deterling, and Parshley (7), who have studied the use of 
frozen vessel grafts, state that ‘viability of the aortic homograft per se 
is not a requisite for success in vascular grafts. The significant differ- 
ence between the percentage of demonstrable viability and subsequent 
functional success leaves no alternative conclusion but that viability is 
not the important factor it was once thought to be. From our experi- 
ence with the experimental transplantation of aortic homografts, it 
appears that in time the degree and type of histological changes develop- 
ing after implantation will prove to be comparable regardless of what 
method of preservation is used. As yet, we are not prepared to predict 
what the ultimate degenerative effects on function will be in such trans- 
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plants. At present, we feel secure in stating that the frozen graft seems 
to hold promise for use in smaller hospitals and communities or whenever 
long periods of storage are anticipated before use.”” The above authors 
do conclude, however, that the graft stored in a nutrient medium is 
probably the most functional type at present, especially if used within 
the first 6 weeks of storage and if anticoagulant drugs are not to be 
employed. Peirce (8) explains this apparent superiority of the nutrient- 
stored graft as follows: ‘It is apparent that the failures of arterial homo- 
grafts of all types occur early, during that time when viably implanted 
tissue differs in two important ways from nonviable: 1) The lining is 
more physiologic and would be expected to resist thrombosis. 2) Many of 
the cells are living and capable of participating in healing, presumably 
at the suture line and along the extent of the adventitia as well as in the 
intima. This apparently endows the grafts with considerable resistance 
to infection. During this (early) period a nonviable graft appears pecul- 
iarly subject to infection and attendant disruption. Possibly also, intimal 
changes predispose to thrombosis. A suitably preserved viable graft, 
on the other hand, behaves for a time much as an autograft and can 
actually contribute to the healing during this critical period. In addi- 
tion, it maintains a viable and relatively physiologic lining. Conse- 
quently, disruption is very infrequent and thrombosis unusual.” 

McCune et al. (9) found that practically all of the circulation that is 
established in the wall of the grafted vessel reaches the graft from the 
surrounding tissue. There is limited vascularization from the ends of 
the vessel into the graft, but none from the lumen. They stress the 
importance of placing the grafted segment in a good vascular bed. 

Certain factors considered important in utilizing vascular homografts 
have been enumerated by Swann (5). 1) The vessel to be used as a 
homograft should be removed from a person between 2 and 35 years of 
age. 2) The donor must not have died from any disease whose trans- 
mission to the recipient is .a possibility. 3) The vessel should be removed 
within 6 hours of death. 4) Grafts preserved in a nutrient medium should 
not be used after they have been stored longer than 45 days. 5) A suture 
anastomosis should be used in inserting the graft. 6) The diameter of 
the graft should closely match the diameter of the recipient vessel. 7) 
the maximal length of vessel that may be grafted is unknown. (Swann 
reports a successful graft 5 inches in length.) 

The appearance of calcification in the intima in some of the grafts and 
the development of dense fibrous tissue in the adventitia suggest that 
further long-term observations, over a period of several years, are neces- 
sary before forming a final evaluation of vascular homografts regardless 
of the method of preservation. 

Cornea.—In 1948, Owens et al. (10) reviewed the results of corneal 
transplant operations from seven ophthalmological clinics. Of 417 corneal 
transplants studied, 36.5 percent remained clear. The percentage of clear 
grafts varied greatly with the cause of the corneal opacity. The best 
results were obtained in cases of keratoconus (65.2 percent), hereditary 
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dystrophy (58.8 percent), interstitial keratitis (49.0 percent), and non- 
specific inflammatory scars (46.9 percent). Poor results were obtained 
in cases with active keratitis or corneal ulcer (23.1 percent), scars from 
chemical burns (20.8 percent), trauma (18.2 percent), or gonococcal 
ulcers (8.7 percent). 

The larger the size of the corneal opacity and the greater the extent 
of corneal vascularization, the less were the chances of obtaining a clear 
graft. In the group of cases with the best preoperative prognosis, about 
two-thirds of the grafts remained clear. In the most unfavorable cases 
there was only one change in eight of the grafts remaining clear. 

The youngest patient in this series of cases was three years of age and 
the oldest eighty years. However, no correlation was found between the 
percentage of grafts remaining clear and the age of the patient. 

No statement is made in this report in regard to preparation and storage 
of the donor cornea. It is assumed that this factor remains relatively 
constant. McLean (11) states, ‘Postmortem eyes should be obtained as 
soon as possible after death, preferably within 4 to 6 hours and stored at 
about 4° C. At present the best method of storage is in a tightly sealed 
container in a saturated atmosphere of water vapor. The allowable time 
of storage has not yet been well worked out. It is best to use the donor 
eye as soon as possible. The best index of suitability is not the elapsed 
time but the condition of the cornea on close inspection. In practice, it 
seems to make little difference whether the cornea be [fresh] or stored, as 
long as its condition is good at time of operation.” 

Maumenee and Kronblueth (12) studied various methods of preserving 
the donor corneas in transplants between rabbits. Of 15 grafts stored in 
formalin, only one partially clear corneal transplant was obtained after 
grafting. Likewise, in a series of 13 corneal transplants in which the 
cells of the graft were killed by freezing, no clear grafts were obtained. 
For 5 to 7 days after transplantation many of these grafts looked as 
promising as did fresh grafts. However, all became progressively more 
edematous after the sutures were removed, and frequently the anterior 
lamellae sloughed off during the first 2 weeks after operation. 

All their efforts to obtain a clear corneal graft by the use of nonviable 
corneas in which the cells had been killed either by freezing or by formalin 
were completely unsuccessful. They conclude that these experiments 
would indicate that living donor stromal cells, at least during the first 
stages of the graft, are essential for its final clarity. 

Bajenova (13) has demonstrated that corneas preserved in moist 
chambers at 2° C. for 10 days contain viable stromal cells that will grow 
in tissue culture. The oxygen consumption and the Qo, of stored bovine 
corneas have been studied by Duane (14). He found that 1) the Qo, of the 
cornea remained normal when stored over Ringer’s solution (at 4° C.) 
or under oil (at 15° C.) for seven days. The respiratory rate falls to one- 
fifth of normal in 10 to 12 days under these conditions. 2) Formalin 
inhibits respiration of the cornea immediately and this action is apparently 
irreversible. 3) The corneal Qo, is reduced to one-half of normal within 
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24 hours by quick freezing. Within four days the Qo, has fallen to one- 
fifth of normal, where it remains for up to 60 days’ storage. 

In regard to the ultimate fate of the corneal homograft, Maumenee and 
Kornblueth (12) draw the following conclusions. The majority of the 
stromal cells continue to live in the graft and do not show a massive de- 
generation or replacement. They are supplemented, at least to a limited 
extent, by the newly formed keratoblasts from the recipient’s macrophages. 
The epithelium is replaced by a migration of epithelium from the recipient 
cornea. The endothelium may be repaired from the uninjured cells of 
the graft or by a migration of cells from the recipient cornea. 

Maumenee (/5) has obtained experimental evidence to support the 
theory that delayed opacification of the transplanted cornea develops as a 
result of an acquired immunity action. When skin from the same donor 
was used as an antigenic supplement, two weeks after a corneal trans- 
plantation, the corneal graft became cloudy in 28 of 30 eyes after insertion 
of the skin. As transfers of the donors’ skin 6 to 8 weeks after corneal 
grafting into sevenrabbits did not produce opacification of the cornea, it 
was suggested that the original donor cells of the graft had been replaced, 
by this time, by invading recipient cells and, therefore, the graft was no 
longer susceptible to the sensitivity reaction. 

Infection, defects of the donor material, and poor apposition of donor 
and recipient tissues obviously may also be responsible for clouding of 
corneal grafts. 

In summary, effective results have been obtained in 36.5 percent of a 
large series of cases in which transplants of cornea were used in a variety 
of pathologic conditions. The extent of opacification and vascularization 
of the recipient cornea is one of the most important factors governing the 
success or failure of corneal grafts in patients. Present evidence would 
indicate that viable grafts are superior to nonviable grafts, despite the 
fact that in certain cases the living cells in the graft may react to a delayed 
sensitivity state of the host, causing opacification of the cornea. A gradual 
replacement in the graft of all donor cells by invading host cells is probably 
complete within 6 to 8 weeks. In the successful graft, massive simul- 
taneous cell destruction does not occur. 

Bone.—Wilson (16) has reported a study of 214 patients who were sub- 
jected to 278 operations in which sterile refrigerated homologous bone 
grafts were used. Wound infection occurred in 4 cases (1.4 percent) and 
there was loss of the graft in 2 (0.7 percent). 

In a follow-up to determine the final result with respect to healing of the 
grafts, 144 patients were traced who had undergone 179 orthopedic opera- 
tions, for a large variety of conditions. Considered on the basis of the 
number of operations, the results were found to be successful in 80 percent, 
and unsuccessful in 11 percent. Fifteen patients (9 percent) had under- 
gone operations too recently for a determination of the result. By 
eliminating four cases in which the failure was unrelated to bone healing, 
the rate of failure could be lowered to 8 percent. 

From this study Wilson drew the following conclusions: 1) With careful 
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technique, homologous bone grafts may be preserved for long periods of 
time for surgical use. 2) Such grafts are well tolerated by human tissues 
and the risk of infection is no greater than with autogenous grafts. 3) The 
healing of such grafts takes place by a process of invasion, absorption, and 
replacement similar to that of autogenous bone grafts. 4) The results ob- 
tained are identical with those from the use of autogenous grafts, except 
that in some instances the healing appears to be a little slower. 5) The 
use of homologous bone grafts offers great advantages to the patient and 
the surgeon from the standpoint of availability, abundance, and the elim- 
ination of a secondary operation to obtain autogenous bone. 

These experiences reported by Wilson are the most extensive thus far 
recorded. The reports of other surgeons concerning smaller series of cases 
express greater reservations regarding the use of homologous bone as a 
substitute for autogenous bone in grafting procedures. Speed (17), in 
discussing his experiences with over one hundred cases in which homolo- 
gous bone was transplanted, states that although his results closely parallel 
those of Wilson, in difficult cases he prefers fresh autogenous grafts when 
they are available. Lipscomb (1/8) expresses the opinion of many ortho- 
pedic surgeons as follows: “ At this stage of our knowledge it is felt by most 
surgeons using bone transplants that the autogenous graft is the one of 
choice in most instances, provided the operative risk and postoperative 
morbidity will not be seriously affected by the removal of such a graft at 
the time of definitive surgical treatment, and provided a sufficient supply 
of autogenous bone can be obtained. In those instances already men- 
tioned in which the factors in question do not apply, the surgeon would be 
justified in using frozen homologous transplants or a combination of auto- 
genous and homologous transplants.” 

In Wilson’s cases homologous bone was obtained for transplantation 
from various operative procedures in which healthy, uninfected bone was 
excised. Bone from cadavers was not utilized. The bone was cleaned of 
all soft tissue and cartilage when fresh and cut into pieces of a size suitable 
for storage. A small piece of bone was taken for sterility studies. The 
graft was placed in a sealed glass jar and stored at a temperature be- 
tween —10° C. and —20° C. The average period of refrigeration for all 
the bone grafts used was 69 days. Several specimens were used after 
preservation for more than one year. Length of refrigeration of the graft 
did not seem to affect the clinical result. 

Reynolds, Oliver, and Ramsey (19) have reported,their clincial and ex- 
perimental experiences with homologous bone grafts preserved in merthio- 
late solution. The bone, obtained from suitable operative procedures and 
selected autopsies, was placed in a 1 to 1,000 aqueous merthiolate solution. 
The container was stored in an ordinary icebox, although refrigeration of 
this preparation is not necessary. The merthiolate solution was changed 
every two weeks and cultures taken of the graft. The bone was washed 
in sterile saline solution before it was used. They have observed no evi- 
dence of sensivity to the merthiolate, or excessive tissue reaction on the 
part of the recipient to the merthiolate-preserved bone. They believe 
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that the process of fixation and replacement is accomplished in a similar 
manner in autogenous and homologous bone grafts. The observations 
of Hatcher (20) suggest that some of the cells of an autogenous bone graft 
are capable of survival and of instigating and accelerating the process of 
fixation and replacement when host capillaries reach the graft. Reynolds 
et al. believe this may account both for the more rapid union of the autog- 
enous graft as compared with homologous grafts, and for the greater 
number of successes with autogenous grafts. 

The behavior of bone grafts preserved by drying from the frozen state, 
or “lyophilized,’”’ has been studied by Kreuz, Hyatt, Turner, and Bassett 
(21). Bone was prepared by slow freezing at 15° C. for‘four days. (They 
state that quick freezing to low temperatures, below —55° C., would have 
been better.) The specimens were placed in dry ice for the eight-hour 
period of shipment to the laboratory. The bone was enclosed in a block 
of ice and dried in a Stokes machine under high vacuum at —40° C. 
Approximately fourteen days were required to complete the procedure. 
The prepared bone could be stored at room temperature. Such a method 
of drying from the frozen state is said to offer two advantages, 1) quick 
freezing at very low temperatures minimizes protein denaturation, and 2) 
drying from the frozen state lessens harmful concentration of salts as the 
solid state is maintained throughout desiccation. 

In the experimental animal, the freeze-dried bone grafts so treated were 
incorporated in the same manner as fresh autogenous bone grafts, but at a 
slightly slower rate. The freeze-dried bone was somewhat superior to 
frozen bone in regard to the rate of healing in the early phases. The ad- 
vantage of storage at room temperatures, the potentially increased length 
of storage periods, the ease of transportation, and initial clinical success 
suggested to these authors that freeze-dried bone would be suitable for 
use in bone banks. 

In summary, there is some question as to whether any of the cells in 
autogenous bone grafts survive. Most observations support the view 
that all viable elements of a bone graft (autogenous or homologous) die 
following transplantation and, therefore, little attention has been directed 
toward the study of methods of preserving homologous bone that would 
maintain viability of the cellular element. Hatcher has recently obtained 
evidence of proliferation of the cells lining the haversian canals in autog- 
enous bone 7 and 12 days after grafting, indicating that certain cells 
in these grafts survive under favorable circumstances. This observation, 
if substantiated, would aid in explaining the apparent superiority of 
autogenous bone over homologous bone transplants. 

Preservation of homologous bone by freezing at —10° C. to —20° C. 
or by storage in a 1 to 1,000 aqueous merthiolate solution are the methods 
most widely used at the present time. Grafts prepared by boiling fre- 
quently give unsatisfactory results. 

Freeze-drying or “lyophilization” is considered to produce less altera- 
tion of the protein and of the salt concentration of the graft. Bone grafts 
preserved by this method have been reported to heal more rapidly than 
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frozen grafts in experimental animals but their superiority in patients 
has not been adequately demonstrated. 

The prolonged healing phase and the difficulties of adequate histologic 
studies of all bone grafts make it difficult to evaluate the refinements of 
homologous bone transplantation. 

As bone contains such a high ratio of inert to cellular matter, viability of 
the graft may be relatively unimportant. However, it would seem that 
further investigations of viable unaltered homologous bone transplants 
might prove profitable. 

Cartilage and fascia.—Homologous grafts of cartilage and fascia have 
been used in clinical surgery for many years. A survey of the recent 
literature indicates little change in the methods of preparation, storage, or 
utilization of these tissues. 

The ready availability of autogenous fascia, removed from the fascia 
lata with a modern fascial stripper or by direct excision, and the superior 
clinical results attained with autogenous fascia have so reduced the 
demand for preserved fascia that few hospitals maintain a supply today. 
Other autogenous tissues such as dermal grafts and full-thickness skin 
grafts, and nonreactive metals such as tantalum, are at present frequently 
utilized in operative procedures in preference to preserved fascia. 

Preserved homologous cartilage is widely used in reconstructive pro- 
cedures, chiefly in the maxillofacial region. The tissue is prepared and 
stored by methods described under the section on bone grafts. The two 
techniques of storage most widely used at present are: 1) storage in a 
temperature of —10° C. to —20° C., and 2) storage in a 1 to 1,000 aqueous 
merthiolate solution. 

The incidence of infection and absorption is somewhat higher when 
preserved cartilage is used instead of autogenous cartilage; however, 
obtaining an autogenous graft may frequently convert a minor surgical 
procedure that may be performed under local anesthesia into a major 
operation requiring a general anesthetic. In such cases homologous grafts 
are generally considered a practical substitute for autogenous tissue. 

Nerve.—Davis and Ruge (22) have reported the results following the 
transplantation of nerve homografts in cats and in patients. They state, 
“Many investigators have tried and discarded this procedure, maintaining 
that the graft produces a foreign-body reaction in the host and is reduced 
to a fibrous band or is absorbed entirely.” 

Experiments were performed on 35 cats, using 2.5 cm. of fresh sciatic 
nerve homografts. Union of the graft to the nerve end was accomplished 
with the plasma clot and silk suture techniques. Microscopic examination 
of sections of the graft indicated that the superficial layers of the graft 
retained their viability, whereas the deeper areas were often necrotic. 
Where grafts were viable, the original fasciculi were unchanged and the 
endoneural tubes remained. Regeneration of the grafts was always 
spotty but adequate in the peripheral layers. 

One year following insertion of the graft all animals were capable of 
nearly all motions of the involved foot and toes, with the occasional 
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exception of dorsiflexion of the toes, which was the last movement to 
return. At this time all animals responded to compression of the involved 
toes by prompt withdrawal of the entire lower extremity. 

Homologous nerve grafts were performed on 10 patients who had been 
followed from 6 months to 16 years. The grafts were taken from the 
sciatic nerves of recently amputated extremities or from cadavers soon 
after death, and refrigerated for 30 minutes to 45 hours before being used. 
In regard to the results they state, ‘While none of the patients have 
shown any return of motor function or enough evidence of regeneration 
to approach normal, some have shown minimal evidence of recovery. For 
2 patients it is too early to evaluate the results. Of the remaining 8 
patients, 6 have shown minimal evidence of recovery and 2 have shown 
no sign of regeneration.”” Three of the nerve grafts were exposed and 
examined 4, 414, and 8 months following transplantation and in no instance 
had the graft been absorbed or reduced to a fibrous band. 

In attempting to explain the markedly inferior results in man, compared 
with the experimental results, the authors emphasize the importance of the 
condition of the graft itself. In the experimental study the grafts were 
removed and transplanted immediately following the death of the donor, 
and the diameter and length of the grafts were smaller than those used in 
the human beings. They indicate that attempts should be made to simu- 
late the experimental conditions as closely as possible when employing 
nerve homografts clinically. 

Trachea.—The transplantation of tracheal segments should also prob- 
ably be included in the homostatic group of grafts. As the cartilaginous 
rings form such a large and important section of the wall of the trachea, it 
has been suggested that segments of the trachea might be transplanted in 
much the same manner as cartilage. If the cartilaginous framework of the 
tracheal wall could be preserved, the rapid regeneration of the tracheal 
epithelium, as demonstrated by Daniel (23), might be expected to form a 
new lining for such a homostatic transplant. In 1948, complete sections 
of the trachea including three cartilaginous rings were homotransplanted 
in dogs (24). Such grafts seemed to function well for a period of 10 to 16 
days, but in all cases softening of the graft occurred with progressive 
collapse and stenosis. Connolly and Richards (25) have subsequently 
published their findings in a series of 8 tracheal transplants in dogs. One 
animal was sacrificed 8 months after transplantation. Although the dog 
had been well, the graft was markedly constricted and contracted and the 
cartilage degenerated. A second animal sacrificed 1 year after trans- 
plantation had a normal, well healed graft as seen by both gross and micro- 
scopic examination. The grafts were unsuccessful in the other 6 animals. 
They concluded that, 1) the usual course of a tracheal graft is degeneration 
of the cartilage with replacement by fibrous tissue, and 2) under “‘certain 
conditions” a homologous tracheal graft will survive in a recipient dog. 

The uncertain results in experimental animals have discouraged any 
attempts to utilize tracheal homografts in patients. 

Summary.—aA review of the development of the use of various homo- 
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static grafts reveals that many common problems have been encountered 
in the transplantation of such dissimilar tissues as cornea, blood vessels, 
and bone. 

With all types of tissues, autogenous grafts remain the most satisfactory 
as far as the ‘“‘take”’ of the graft and its successful function are concerned. 
Current investigations would seem to indicate that the transplanted cells 
in “vital” homostatic grafts may actually participate in the early phases 
of healing, and that methods of preparation and preservation that protect 
the vitality of the graft should be investigated further. 

The importance of the vitality of the homostatic graft to its ultimate 
clinical success may vary from one tissue to another, depending in part 
upon the ratio of cellular to inert substances of the graft and also upon 
how closely the graft must retain its original structure to function ade- 
quately. A corneal transplant can undergo little alteration from its 
original state and be successful. On the other hand considerable change 
may occur in and about the bone or cartilage transplant without destroy- 
ing a final successful clinical result. 

Methods of storage that not only render the graft nonvital but also 
grossly distort its chemical or physical composition, such as boiling or 
formalizing, have proved unsatisfactory and have been universally dis- 
carded. 

Other methods of storage such as freezing, lyophilizing, or storing in 
merthiolate solution have the advantage of being more practical methods 
of storing quantities of tissues over long periods of time. Any method 
that preserves the “vitality” of the graft must produce sufficiently superior 
results to outweigh the practical advantages of other methods. 


Homovital Grafts 


The successful transplantation of homovital grafts remains a challeng- 
ing unsolved problem. Preliminary reports of prolonged survival of skin 
homografts following treatment of the recipient with ACTH have not 
been substantiated by further studies (26-29). There have been reports 
of minor delays in the disintegration of homografts in the rabbit, but 
this may in part be an interference with healing rather than delayed de- 
struction. It is interesting in this regard that in skin homografts between 
1-day-old chickens we (30) could detect no increase in the percentage of 
permanently surviving grafts when the recipient was treated with ACTH. 
However, with injections of cortisone the surviving grafts were increased 
from 9 percent for the control group to 20 percent. As stated, however, 
no beneficial effect from the injection of either cortisone or ACTH on 
homografts in human beings has been demonstrated. 

Allen et al. (31) have prolonged the survival time of skin homografts 
in the rabbit from 7 to 23 days by a preliminary desensitizing procedure. 
The recipient was treated with a skin antigen prepared from the full- 
thickness skin of the proposed homograft donor. Injections of antigen 
were given intravenously, intraperitoneally, and subcutaneously in divided 
doses over a period of 3 weeks. They concluded that their findings sup- 
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ported the immune theory as the mechanism of homograft destruction. 

The only clinical uses for skin homografts at the present time are: 
1) In the rare case of an extensive burn where skin homograft ‘‘dress- 
ings’”’ may be used during an interim period to build up the patient’s 
general condition, or 2) as a replacement tissue in small vital areas when 
autografting is contraindicated. 

If one considers the ultimate destruction of homografts a result of failure 
of the small nourishing arterioles that grow into the graft, then there 
might be reason to believe that an entire organ such as a kidney or a lung, 
with large vascular channels connecting it to the body, would survive 
homotransplantation when a skin graft would not. 

Carrel (32) in 1907 transplanted both kidneys with attached renal 
vessels and ureters in cats. Of nine animals that survived the operative 
procedure, two lived in apparent good health for approximately 1 month. 
Both these animals apparently died of an acute interstitial nephritis. 
Many plasma cells were noted in the interstitial tissues of the kidney in 
one of them. 

Lawler et al. (33) have reported the homotransplantation of a kidney in 
the human with evidence that the transplant remained functional. How- 
ever, at re-exploration 5 months after the original operation, the homo- 
graft was diminished in size. The ureteral and pelvic structures were 
absent. The blood supply was present. It was felt that the organ was 
alive but was not producing urine. A similar case has been reported by 
Servelle et al. (84). In this case the ureter was connected to the skin. 
Urine excretion increased from 20 cc. on the 1st day to 192 cc. on the 16th 
day. On the 19th day the urinary output of the grafted kidney was 600 
ec. On that date the patient died of shock. 

Experimental transplantation of the lung has also been reported. 

Further experimental studies of such organ transplants, with careful 
histologic study of the graft after its ultimate fate has been established, 
would seem indicated. However, there seems to be no reason to recom- 
mend or to attempt such organ transfers in patients at the present time. 


Summary 


Classification of homografts as either homostatic or homovital grafts is 
suggested. Continued growth and reproduction of the cells of the graft 
after transplantation constitute the requirements for a homovital graft. 
The homostatic graft fulfills its purpose by serving as a nonreactive 
scaffolding for the invasion of the cells of the host. 

The present status of certain homostatic grafts has been discussed, and 
certain current investigations concerning homovital grafts reviewed. 
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Discussion: Clinical Problems 


Moderator: Dr. A. E. Maumenee, Stanford University 


Dr. P. J. Gartuarp, University oF LEIDEN, LEIDEN, HOLLAND: With respect to 
skin transplants, we have had experience in grafting full-thickness human embryonic 
skin on large-scale burn wounds in four patients. In the middle of the wound some 
five or six strips of skin were grafted. The grafts took initially. The fragments 
fused and grew so as to cover quite an area within a period of approximately one 
month. Then autologous Thiersch skin grafts were made on the rest of the wounds. 
After they had taken, the autologous skin started to attack the embryonic skin, which 
slowly decreased its area, as if some kind of incompatibility existed between the two 
types of tissue. Nevertheless, parts of the embryonic skin remained intact for as long 
as 6 to 7 months, which is much longer than adult homografts generally do. 

Another problem of interest to us was that of transplanting cultured parathyroid 
tissue derived from newborn humans to patients suffering from postoperative tetany. 
Since 1941 thirty patients have been treated. The grafts were put into the peri- 
vascular lymph spaces around the axillary arteries or veins. The patients were 
carefully screened first, to be sure a parathyroid deficiency really existed. Blood 
calcium and phosphorus estimations were made at intervalsof some weeks. So far seven 
complete cures have been obtained, and one has been observed for 11 years. As far 
as the age of the hosts is concerned, it became clear that important differences existed. 
In the 16- to 26-year age group, five of ten cases were positive. In the 26- to 36-year 
age group there were two positive and two partial results from eight cases. All 
twelve patients in the 36- to 56-year age group were negative. In all cases we waited 
for at least one year before judging the effects. 

Summarizing, I think these results show that transplantation of real value can be 
done with homografts of cultivated parathyroid tissue derived from newborn human 
beings. 

Dr. Jonathan E. Rhoads, University Hospital, Philadelphia, Pa. 


There still seems to be reasonable doubt as to whether methods can be developed in 
the near future to permit homografts of human skin to take. Therefore, we have 
been interested in methods for making more efficient use of skin available for auto- 
grafts. Dr. Harold Zintel developed a method for resplitting split-thickness grafts 
taken with a Paget dermatome. The method consisted of cutting a rather thick 
graft of about 16/1000 of an inch and then, while the skin was still glued to the drum, 
resetting the instrument at half this thickness and recutting it. Such grafts can be 
used either in sheets or as postage-stamp grafts. Postage-stamp grafts from the 
deeper layer could be successfully grafted either right side up or upside down. Dr. 
Henry Royster has practiced the use of homografts interspersed with autografts to 
cover extensive denuded areas when sufficient skin for autografting was not available. 
In this situation, as the homografts disintegrated, the autografts spread out to take 
their place. 

The variability in the duration of homografts in clinical work should be stressed, 
as it is not unusual for such grafts marked with an identifying tattoo to remain in 
place for three months or even longer. Dr. Zollinger’s group, in the Department of 
Surgery at the Ohio State University, reported a patient who received homografts at 
2-week intervals; the first of these grafts separated in about 11 weeks and the remainder 
of the grafts all separated within a short time thereafter, suggesting that a change had 
occurred in the host. 
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Dr. Blair O. Rogers, Presbyterian Hospital,! New York, N. Y. 


For the past year we have been homotransplanting experimentally with skin, using 
human volunteers rather than animals for our research. We have transferred uni- 
formly sized, full-thickness skin homografts from the anterior thigh region of the donor 
patient to newly created, asceptic, surgical defects of the anterior thigh of the host 
patient. All remnants of subcutaneous fat were trimmed from the under surface of 
the dermis of each homograft. Autografts of the same size and grafted into the same 
locations were permanently successful. These autografts therefore served as our con- 
trols, making us feel certain that at least the technical procedure in working with full- 
thickness skin homografts was a sound one. 

Biopsies of these skin homografts were taken with a Reese punch biopsy apparatus. 
We felt that this biopsy technique did not disturb the graft itself (as it did not create 
any motion of the graft on the bed to which it had been applied), since the graft is 
firmly anchored in its ‘‘initial’” take to the host bed by the time the first biopsy speci- 
men is taken. 

We have attempted within the past year to investigate, under control conditions, the 
basic patterns for the behavior of skin homografting in humans, and thereby have 
tried to verify or refute Professor Medawar’s work in rabbits. In this set of experi- 
ments, in which we used grafts of standard size that were equal in width (the same 
diameters) and were of uniform thickness, the mean survival time of these grafts in 
ten cross homograftings was fairly constant and almost identical in each case. These 
results in humans, therefore, seem to agree with Professor Medawar’s ‘‘dosage”’ 
phenomenon in rabbits. 

We feel that ACTH has been amply demonstrated in both humans and animals to 
have no effect whatsoever in increasing survival time of skin homografts. It is possible 
that cortisone, because of its favorable effect in animals, might have the same favorable 
effect of increasing the survival time of homografts in humans if it is tried under control 
conditions such as those we have used in our human experiments. 

Because the initial case of Whitelaw (2-degree and 3-degree burns treated with 
ACTH) died a year later under peculiar circumstances, though in apparently good 
health prior to his demise, and because autopsy showed plugging of his kidneys with 
a proteinlike sludge (this report came to us from a member of the National Research 
Council), we would strongly advise caution in the future use of ACTH on any skin- 
grafted patient, whether autografted or homografted. Certainly the side effects of 
ACTH on diseases such as peptic ulcer, tuberculosis, and hypertension are contraindi- 
cations enough for its use in any patient in whom previous medical histories are even 
slightly suggestive of such diseases. 


Dr. Wilford B. Neptune, Hahnemann Medical School, Philadelphia, Pa. 


I agree with Dr. Longmire that clinical application of lung transplants is certainly 
a long way off. However, from a technical standpoint I feel we have demonstrated 
that it is feasible, since at the present time we have an animal that has been observed 
for more than one year following autogenous reimplantation of the left lung, and all 
studies, including X ray and bronchospirometry, are normal. Of the homologous 
grafts from one dog to another, our average survival time has been nine days; without 
the use of ACTH it was six days and with the use of ACTH it increased to 25 days. 

Although we are at a loss to explain the results, we have two animals that survived 
for 27 days and 42 days, respectively, with histologic studies on the lung tissue giving 
relatively normal results. One animal died of distemper and the lung of the other 
animal was removed following atelectasis due to bronchostenosis. We feel sure that 
had these animals survived longer, the ultimate outcome would have been the same. 
However, we would like someone to explain these two results. 


1 Present address: Plastic Surgery Unit, New York University College of Medicine, Department of Surgery. 
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Dr. David M. Hume, Peter Bent Brigham Hospital and Harvard Medical School, Boston, 
Mass. 


We have made the following observations in six human kidney homotransplants: 

1) Three of the six failed to show evidence of function. In two of these the grafts 
were taken from donors whose blood type differed from that of the recipient’s. One 
was a technical failure. 

2) Three of the transplants showed measurable function for a limited period. In 
these patients the blood types of the donor and recipient were compatible as to ABO 
and Rh factors. 

3) If the renal homografts could continue to function in the host at the level they are 
able to achieve temporarily, they would maintain the host indefinitely. 

4) The immune reaction to kidney homografts in the human is different from that in 
the dog, and function in the human persists longer than that in the dog. In the human 
the graft goes through a period of anuria immediately following transplantation 
which lasts 9 to 14 days. Maximal function is then attained between 18 and 33 days, 
with function declining after this time. Histologically, the grafts appear quite normal 
for one month, after which tubular necrosis and infection gradually destroy them. 
Interstitial round-cell infiltration, arteritis, and glomerular damage (seen after homo- 
transplantation in the dog) are not prominent morphologic features in human renal 
homotransplants. 

5) Survival and temporary function of a human renal homograft deprived of blood 
supply for three hours and twenty minutes was noted in one case. 

6) The question is raised as to whether the anoxia and acute tubular damage in some 
way decrease the rapidity and severity of the immune response to human renal homo- 
grafts. 


Dr. James W. Pate, Naval Medical Research Institute, Bethesda, Md. 


It has been our experience, based on some 140 aortic grafts, 210 bone grafts, and other 
laboratory studies. that the problems of vascularization and viability are overempha- 
sized. In one group of our experiments we found that of 25 fresh aortic homografts, 
which were viable at the time of implantation, only 79 percent gave excellent clinical 
results; whereas of 65 freeze-dried grafts, which were completely dead at the time of 
implantation, 98 percent gave clinically excellent results. The latter vessels were not 
revascularized. This shows that there is no necessity for viability in order for a graft 
of the homostatic type to yield good clinical results. The microscopic findings confirm 
this and, in fact, show better results in the dead freeze-dried grafts. 

Electric-potential studies by Dr. Sawyer have shown that injured aortic tissue and 
all fresh aortic grafts give off injury potentials that predispose to thrombosis. This is 
not the case in the freeze-dried tissues, which, being dead, are incapable of injury 
potentials. 

These studies have left us with the impression that viability is not only unnecessary 
in aortic grafts, but is actually undesirable. 


Dr. Herbert Conway, The New York Hospital, New York, N. Y. 


The problem of permanently successful homoplasty of skin grafts is one of utmost 
importance in clinical practice. Clinicians regularly meet patients in whom severe 
burns have damaged such a high percentage of the surface area of the body that there 
are few or no available donor areas. The use of homoplastic skin grafts in such cases 
as well as in patients who have reached a state of critical illness from persistent large, 
open wounds (to the state of chronicity) is practiced regularly, but it is regretted that 
such skin grafts survive in the human for only 5 or 6 weeks. After such lapse of time it 
is necessary to proceed with the coverage of the wound by the use of autogenous grafts. 
In civilian life this situation is very real and is met in everyday hospital practice. 


1 Present address: Naval Medical Research Institute, Bethesda, Md. 
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In military experience the need is even greater and, in the event of disaster from atomic 
bombs, the need would be multiplied many thousands of times. 

To be able to procure from a skin bank homoplastic skin grafts that would be 
permanently successful represents an ideal in surgical achievement, the value of which 
is immediately apparent. Diminished operative time and lessened operative shock to 
the patient would result. 

In addition, there is a group of patients in whom generalized dermatitis, such as 
ichthyosis, precludes the use of the patient’s own skin for wound coverage. Such 
patients not infrequently develop carcinoma on the surface of the body which requires 
wide excision and subsequent coverage by a graft. Only permanently successful 
homografts of skin can answer this problem. In patients who are in acute blood 
crises in association with diseases of the blood such as hemophilia, there is a very real 
field of usefulness for homografts of the skin. A hemophiliac with an open traumatic 
wound more often than not dies as a result of it. The hesitancy of clinicians to cause 
further bleeding by cutting an autogenous skin graft is easily understood. In such 
cases permanent skin homoplasty would offer the ideal method of management. 

Conditions of lesser importance include those in which a chronic disease of the skin 
has affected all of the facial area and in which, for the sake of appearance, it would be 
desirable to transplant, permanently and successfully, skin of a similar texture and 
quality, z.e., facial skin, for permanent coverage. Such transplants, of course, would 
have to come from stillborn babies or be taken from cadavers soon after death. Since 
refrigerated autografts of skin may be transplanted successfully as late as thirty days 
after cutting, it is likely that such homotransplants would survive the period of time 
necessary for their procurement and placement. Ultrarapid freezing and vacuum 
packing of skin grafts broadens considerably the probable field of usefulness of stored 
grafts. 

The problem is to establish skin homoplasty with permanent survival of the grafts. 
Epithelialization is not enough, for the functions of the skin are not limited to those of 
cellular coverage. Elasticity, thermo-regulatory activity, pigmentation, and dia- 
phoresis are only a few of the cutaneous functions for the preservation of which perma- 
nent survival of dermis is desirable. The skin then should be looked upon, not as one 
of the simplest organs of the human body, but as one of the most complex and one of 
the largest organs of the body. 

In our animal experiments, the fact that multiple minute thromboses of the recipient 
bed precede the dissolution of homoplastic skin grafts led to our observations that the 
same process develops in the human. Further animal experimentation has shown 
that these thromboses are prevented and that homoplastic skin grafts become stroma- 
tized if the skin is prepared for homotransplant by primary subcutaneous burial in 
the donor. Such preparation results in limitation of the keratinization and atrophy 
of the adnexa of the skin. This approach to the solution of permanently successful 
homotransplants of skin will be carried over into the field of clinical investigation in 
man. 


During this first session, variation in definition of certain terms became apparent. 
An informal committee consisting of Dr. Herbert Conway, Dr. H. S. N. Greene, and 
Dr. P. B. Medawar brought forth the following definitions, presented at a subsequent 
session: 

Take: stromatization of the graft. 
Survival of a homograft is the endurance of the graft in a state comparable to that 
of an autograft. 
Degeneration of a homograft begins at the onset of inflammation or destructive 
changes that may or may not progress to completion. 
After considerable discussion, however, it was agreed by the conference that each 
speaker or discussor should define his own terms when presenting his paper or his 
comments. 

















Discussion: Initial Host Reaction to the Graft* 


Moderator: Dr. H. B. Andervont, National Cancer Institute 


Dr. GLENN H. Auorre, NATIONAL CANCER INSTITUTE, BETHESDA, Mp.: I should like 
to present certain observations from our transparent-chamber studies bearing on the 
problem of the initial host reaction to the graft. 

First, regarding the question of “‘takes’’: from the experimental viewpoint, I would 
suggest that there is only one basic question at issue here. How long do the cells 
of the graft survive? Survival cannot be determined solely or with precision by gross 
appearance, by union of graft with host tissue, by stromatization, or by vascularization 
of the graft. Even histologic examination of fixed material is not always sufficient. 
One must know the duration of survival of various cell types within the graft, as deter- 
mined by growth or migration of cells on return to the original host in the case of 
homografts, and by cell mobility or evidence of function or cellular outgrowth when the 
graft is returned to tissue culture. 

A concept that has persisted through the past fifty years of cancer research is that the 
stroma and blood vessels of the tumor graft completely degenerate and are entirely 
replaced by a new blood supply from the host. It was thought by Bashford, Murray, 
and Cramer,! on the basis of careful histologic studies, that transplanted tumors 
provoke a “specific stromal reaction’”’ on the part of the host that results in the rapid 
penetration of the tumor graft by fibroblasts and blood vessels derived from the host. 
Others, including Algire and Chalkley,? have postulated a hypothetical substance 
produced by the tumor that stimulates rapid capillary proliferation from the host. 

These interpretations are not correct. They are incorrect because the methods of 
static histology are inadequate to resolve such dynamic questions. On the contrary, 
the vascular reaction of the host in transplantation is little different whether the graft 
is living or dead tissue, normal, embryonic, or neoplastic tissue, or whether the stimulus 
to the host tissue is a foreign body, a wound, or a burn. In all cases, capillary out- 
growth from host vessels is not observed in less than 5 or 6 days. Ido not know of any 
stimulus or agent that will hasten this process. Several procedures, however, May 
delay it. On the other hand, it has been recognized by many workers that transplants 
of tumors or of embryonic organs are frequently vascularized in 1, 2, or 3 days. How 
then do we reconcile this fact with the preceding statements? This leads us to a 
second point. The graft, if derived from a growing tissue, is not passive, but usually 
plays an active role in its own initial vascularization. The blood vessels of such grow- 
ing tissues as tumors or embryonic organs do not completely disintegrate, nor are they 
completely replaced by new vessels from the host. Very frequently, some of them are 
used again, and under favorable conditions a small implant of an embryonic organ may 
completely re-establish its original blood supply through the original channels in less 
than 24 hours. This is accomplished by the outgrowth of endothelial sprouts from 
blood vessels of the graft. These capillary outgrowths migrate rapidly to make con- 
nections with the vessels of the host. This is frequently the “initial vascularization” 
of the graft, occurring within the first few days after transplantation. It is clearly 
separated in time from capillary growth from the host, and it does not always occur. 
Connective tissue barriers may intervene, vascular remnants may not be present in the 


*Dr. George O. Gey did not submit a manuscript or abstract of his address, ‘Initial Host Reaction to the Graft.” 

1 BasHForD, E. F., MuRRay, J. A., and CRaMER, W.: The growth of cancer under natural and experimental 
conditions. Imp. Cancer Res. Sci. Rep. 2, part 2, 24-29, 30-39, 1905. 

2 ALGIRE, G. H., and CHALKLEY, H. W.: Vascular reactions of normal and malignant tissues in vivo. I. Vas- 
cular reactions of mice to wounds and to normal and neoplastic transplants. J. Nat. Cancer Inst. 6: 73-85, 1945. 
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graft or suitably oriented in relation to the vessels of the host, central necrosis or fibrin 
deposition may block vascular connections. 

Surgeons have recognized for years the importance of activation of the vascular bed 
upon which the graft is to be placed. As Rous? has pointed out in a recent article, 
they have rarely considered the activation of the graft. The point I wish to stress is 
that the graft is not a passive recipient of vessels from the host, but in the case of 
actively growing tissues plays an important role in the establishment of its own blood 
supply. 


Dr. Herbert Conway, The New York Hospital, New York, N. Y. 


I should like to make some comments on the development of circulation in auto- 
genous and homologous grafts. In microscopic observations on the development of 
circulation of autografts and homografts of skin in experimental animals, the tissue- 
chamber technique as developed by Algire and Legallais and modified by Joslin has 
been employed. Observations have been made during the critical 15-day period after 
transplantation, the period during which the success or failure of the graft is deter- 
mined. The grafts survive by plasmatic circulation during the first week. Capillary 
budding develops at the margins and at the base of the graft. The parallelization of 
vessels develops an areola about the graft.! This control pattern was not exhibited 
when homologous grafts of skin were transplanted. The parallelization of new 
vessels was absent, there was turbidity of the plasmatic exudate, multiple thromboses 
developed in the tissues of the recipient bed, the capillaries failed to invade the homo- 
plastic graft, and final thinning of the graft developed antecedent to its complete 
necrosis.2, When mice in which homotransplants of skin were done were treated with 
corticotropin, thrombosis failed to develop in the majority of experiments but capillary 
budding was sluggish and the neocirculation failed to grow toward the graft. Despite 
therapy with ACTH that blocked the thromboses in the recipient bed, the homoplastic 
transplants all failed.* 

The consistent thrombosis of the blood vessels of the recipient bed in mice on which 
homoplastic grafts of skin had been transplanted led to the use of an anticoagulant, 
dicumarol. Oral administration, according to the method of Overton, was used. 
The recipient mice were fed 2 mg. of dicumarol daily for approximately 4 days, at 
which time their prothrombin times were found to be doubled. A maintenance dose 
of 2 mg. of dicumarol every third day was found to sustain the prolonged prothrombin 
time. After 2 to 4 days of dicumarol therapy, homoplastic grafts of skin were trans- 
planted to the dorsum of the treated animals. Donors were unrelated mice. The 
transparent-chamber technique was used. The development of collateral vessels and 
the rate of flow of blood to the grafts were observed to be more rapid and more com- 
plete than in autogenous grafts. Circulation in the grafts was active; and it was 
sustained for only 12 days after transplantation in some animals but for as long as 21 
days in others. Six mice in this series showed active circulation of the blood vessels 
of the recipient bed for as long as 12 days following transplantation. By that 
time the transparent-chamber splints of three of the animals had pulled loose. In 
the three others, progressive opacity of the exudate indicated the onset of thrombosis. 
In one animal the profusion of new vessels and the active flow of circulation were 
startling. Many new vessels had grown about the margins of two-thirds of the graft, 
in circumferential laminations. However, the direction of their growth was not 
toward the graft (as in the pattern of circulation in autogenous grafts) but rather 


3 Rovs, P.: The activation of skin grafts. J. Exper. Med, 83: 383-400, 1946. 


1 Conway, H., Stark, R. B., and Jostry, D.: Observations on development of circulation in skin grafts; physi- 
ologic pattern of early circulation in auto-grafts. Plast. & Reconstruct. Surg. 8: 312-319, 1951. 

1 Conway, H., Jost, D., Rees, T. and Starr, R. B.: Observations on the development of circulation in skin 
grafts. III. Morphologic changes observed in homologous skin grafts. Plast & Reconstruct. Surg. 9: 557-564, 
1952. 

+Conwary, H., Stark, R. B., and Jost, D.: Observations on the development of circulation in skin grafts. 
IV. Effect of corticotropin (ACTH) on homologous skin grafts. Plast. & Reconstruct. Surg. 10: 67-71, 1952. 
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around it. In spite of the abundance of new vessels about this homoplastic graft 
of skin, the graft was not successful. 

We were interested in studying what role, if any, the skin appendages play in the 
problem of homotransplantation of skin. We attempted to produce atrophy of the 
appendages by burying skin in a mouse, recovering this skin at a later date, trans- 
planting it to a second mouse of high genetic diversity, and observing the graft under 
the transparent chamber. 

The technique of burying grafts was simple. Pieces of whole-thickness skin were 
excised from the backs of black mice. The surrounding skin was then undermined 
and the free grafts buried subcutaneously. The surrounding skin was sutured over 
the grafts so that they were buried completely. These buried autogenous grafts were 
then recovered at intervals of 7, 10, 13, and 17 days. After recovery they were trans- 
planted to white mice. We have found it extremely difficult to recover skin buried 
for longer than 3 weeks, since by that time the grafts have been altered to such a 
degree that they cannot be identified. Biopsy of such buried grafts showed that the 
effect of burial was apparent in the almosticomplete loss of keratin, the thinning of the 
epidermis, and the nearly complete atrophy of the adnexa (hair follicles, sweat glands, 
and sebaceous glands). 

It has been stated that the survival period of an untreated homograft is about 2 to 9 
days (average 4 days); of the ACTH-treated graft, 16 days; and of the dicumarol- 
treated graft, 12 days. The buried grafts persisted for as long as 38 days, the limit of 
usefulness of the tissue-chamber technique. None of these grafts failed. In each case 
the experiment was terminated because of mechanical factors. Microscopically, we 
observed the complete absence of thrombosis in these animals. However, the rate at 
which vascularization proceeded was not equivalent to the rate in autogenous grafts. 
Capillary budding was marked and capillary loops were seen at the periphery of the 
graft. This early circulation formed a rapid shunt of blood through these circulatory 
loops. In these experiments we observed the invasion of the graft by newly formed 
vascular channels. The evidence points to the fact that the inimical state existing 
between homoplastic skin and the invasive circulatory response of the host is atten- 
uated or alleviated in part by the graft’s nearly complete deprivation of its adnexal 
structures. This leads to the conjecture that, if homoplastic skin grafts fail because 
of an immune reaction, the immunity may be invoked by a factor or factors contained 
in the adnexa or in the excreta of the skin transplant. 

The attainment of permanently successful homografts of skin would be a great 
advance for clinical surgical practice. At present, homotransplants of skin are limited 
in clinical practice to the temporary coverage of extensive wounds, as in the severely 
burned child. In such use, it is important that the clinician boldly excise the homo- 
graft at an early date (about 4 weeks) after its transplant, before it begins autodissolu- 
tion. Once that process starts, excessive fibrosis of the resultant granulating bed is 
the rule. This causes delay in recovery and increases the degree of ultimate deformity. 
In my own practice, valuable temporary use was made of a skin homotransplant to a 
hemophiliac who was in critical condition from blood loss. The patient (C. J., New 
York Hospital case no. 239923) exhibited a large wound of the forearm, extending on 
its flexor surface from the elbow,to the wrist. The wound resulted from surgical 
incision (done on another service) for the release of a tense blod clot that endangered 
the circulation of the hand. The homoplastic graft survived, and resulted in complete 
healing. Its temporary life was recognized and it was excised 40 days afterward. An 
autogenous skin graft was cut and sutured to the denuded area. Sufficient clotting 
mechanism was supplied by the hourly administration of 100 ec. of whole blood for 48 
hours after operation. Both the autograft and its donor site healed without complica- 
tion and the patient recovered. This is an example of the strategic temporary value 
of a homoplastic skin graft. How much advanced surgical care would be, if homografts 
were permanently successful. Battle casualties as well as injured civilians could 
quickly be given grafts from tissue banks. Severe and extensive dermatoses no longer 
would take their toll. The urgency of the need for successful permanent skin trans- 
plantation cannot be overemphasized. 
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The Genetics of Transplantation *? 


Grorce D. Sneuut, Sc.D., Roscoe B. Jackson 
Memorial Laboratory, Bar Harbor, Maine * 


Transplantation has been a research tool of cancer workers for more 
than 50 years. These studies have taught us some things about the 
biology of cancer and a great deal about the biology of transplantation. 

At first, the factors that cause transplanted tumors to grow or fail to 
grow were largely obscure. Now we can point with confidence to a com- 
plex variety of environmental and genetic agencies that influence the 
degree of their development in the host, though it need hardly be said 
that the unknown agencies still outnumber the known. 

In discussing the genetic agencies, I shall limit myself to genetic factors 
in the classical sense, 7.e., to the genes (chromosomally borne units) of the 
tumor and of the host. Although I shall discuss only genes and genetic 
factors, it should be emphasized that I am not denying the existence 
or importance of environmental influences, or the possibility that self- 
reproducing cytoplasmic units play a role in the success or failure of 
transplants. 

Successful studies of the genetics of transplantation first became possible 
with the development of highly inbred strains of mice, produced by 
repeated brother-times-sister matings. It has been shown both by theory 
and by experiment that the individuals of any one such inbred strain are, 
except for occasional mutants, identical. They are like twins derived from 
asingleegg. The following discussion deals only with work done with inbred 
strains or their hybrids. 

The first successful explanation of differences in susceptibility and 
resistance to transplants in terms of Mendel’s laws of heredity was made 
by Little and Tyzzer in a series of papers beginning in 1914 and 1916 
(1,2). Since that time the subject has been pursued by Strong, Cloudman, 
Bittner, Furth, Kaliss, MacDowell, Gorer, Browning, Snell, and others. 
Because of limitations of time, I shall pass hastily over much of the early 
work, and because of the specialized genetic techniques involved, I shall 

1 Presented at the Tissue Transplantation Conference, Arden House, Harriman, N. Y., October 7, 1952. 

2? Much of the work on which this report is based has been aided by a grant from the National Cancer Institute, 
U. 8S. Public Health Service, and by 8 grant-in-aid from the American Cancer Society upon recommendation of 
the Committee on Growth of the National Research Council. 


3 Currently Guggenheim Fellow at the Department of Zoology, University of Texas, while on sabbatical leave 
from the Roscoe B. Jackson Memorial Laboratory. 
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stress conclusions rather than evidence. The evidence, except for certain 
recent experiments to which I shall refer, is all on record, and all except 
the most recent work has been summarized in review papers (3, 4). 

Early genetic studies with transplantable tumors led to the formation 
of certain laws of transplantation, which may be stated as follows: 

1) Tumor isotransplants, i.e. tumors transplanted within the strain of 
origin, grow progressively and kill all hosts. 

2) Tumor homoiotransplants, i.e. tumors transplanted within the species 
but outside the strain of origin, fail to grow, or grow temporarily and then 
regress. 

3) F, hybrids produced by crossing two inbred strains will grow tumors 
indigenous to either parent strain. 

4) Only a fraction of mice of an F; generation, or of a backcross produced 
by mating the F, to the resistant parent, will grow tumors from the inbred 
lines involved. *The portion susceptible may be large or small, depending 
on the tumor and the cross, but rarely exceeds 75 percent for the F, or 
50 percent for the backcross. 

It should be emphasized here that in all genetic studies the criterion 
of susceptibility is death as a result of progressive growth of the tumor. 
Cases in which the tumor shows only temporary growth are tabulated as 
negatives. “Takes” is a term to be avoided in genetic studies, because 
it implies doubt as to the ultimate outcome of the implant. 

The above four laws are based on an extensive body of evidence. There 
are occasional exceptions, particularly to rule 2. Certain tumors, when 
transplanted to foreign strains, will grow in a percentage of the hosts, 
the percentage varying through wide ranges according to the tumor and 
the host strain. Sarcoma 180 is the classic example of tumors of this type. 
For most tumors and for most crosses, however, the rules hold with a 
considerable degree of accuracy. 

On the basis of these rules, Little and Tyzzer formulated the now gen- 
erally accepted genetic theory of transplantation. According to this 
theory susceptibility is due to multiple dominant genes. These genes may 
be called histocompatibility genes. Available data permit only an approxi- 
mate estimate of the number of histocompatibility genes or genetic loci 
in the mouse. Certainly the number is not less than 6 or 7; it may be 
much larger. The same genes that determine susceptibility and resist- 
ance to tumor transplants probably also determine susceptibility and 
resistance to normal tissue transplants (5, 6). 

In 1946 a study was started aimed at identifying individual histocom- 
patibility genes in the mouse. By good fortune it was possible to carry 
out one phase of this study jointly with Dr. Peter Gorer, who had already 
done important work in England on the relationship of a blood-group 
gene in the mouse to transplant susceptibility. 

Most earlier work had been based simply on inoculation of mice in an 
appropriate segregating generation with transplantable tumors. Our 
joint study with Dr. Gorer introduced two new factors: 1) the use of 
“marker genes’—known genes with visible effects—to detect possible 
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linkage with histocompatibility genes, and 2) the use of blood typing con- 
comitantly with tumor inoculation. The blood-typing serum was pro- 
duced in most cases by the inoculation of C57BL mice with a strain A 
tumor. 

These studies revealed a linkage between the gene for fused tail (Fu) and 
a histocompatibility gene which also determined Gorer’s red-cell antigen 
II (7). One typical cross, together with the observed results, is shown in 
text-figure 1. 


A Fu 
— +f x 4a. 
C57 BL F, » 


ee a [ae x __ 
- —- __ > hall 


SURVIVE SURVIVE 
® 
CONCORDANT 16 ° ° 16 
DISCORDANT ' ' 12] ° 


TEXT-FIGURE 1.—Association of normal tail, tumor susceptibility, and antigen II in 
mice from the cross (A X Fu) X P, where A and P are two inbred strains, and Fu 
indicates a strain carrying the gene for fused tail. Mice inheriting the fused-tail 
gene are indicated in the diagram by kinks in their tails. In 32 of the 34 tested 
mice, those animals that showed red-cell agglutination also showed tumor suscep- 
tibility, while those that showed no agglutination showed tumor resistance. These 
mice are listed as ‘“‘concordant”’ since the tests agree in what they indicate as to 
the presence or absence of an antigen derived from strain A. The 2 “discordant” 
mice are listed according to the results of the blood test. 


Strain A mice were crossed to fused-tail (Fu) mice, and the resulting 
F, hybrids crossed to strain P. The offspring of this double cross were 
classified on the basis of tail structure as fused or normal, tested for blood 
type with the anti-strain-A-tumor serum, and inoculated with a strain A 
tumor. In the particular cross shown in text-figure 1 there were 34 mice. 
It will be seen that nearly all of these fell into 2 groups. Sixteen were 
fused tail, lacked antigen II (red cells not agglutinated), and were re- 
sistant to the tumor. Another 16 were non-fused tail, possessed antigen 
II (red cells agglutinated), and were susceptible to the tumor. The 
remaining 2, both non-fused tail, were discordant with respect to results 
of blood typing and tumor inoculation. One showed agglutination but 
survived, the other showed no agglutination but died. 

Further experiments established the following facts. 

1) Susceptibility and resistance in the cross is determined by a histo- 
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compatibility gene, H-2, which also determines the presence or absence of 
antigen II. 

2) Strain A blood type and tumor susceptibility are in this cross one 
and the same thing. Discordance between the results of a blood test and 
tumor growth is usually due, not to faulty blood typing, but to an inherent 
element of inaccuracy in the tumor-inoculation test. There is occasional 
growth of the tumor in genetically resistant mice, and occasional failures 
to grow in genetically susceptible mice. Such cases we have called false 
positives and false negatives (8). The percentage of false positives and 
false negatives varies greatly with cross and/or tumor. In most crosses, 
inoculated with tumors of suitable virulence, the erroneously classified 
animals probably do not exceed 5 percent of the total, and may sometimes 
be much less than this. 

3) The gene for fused tail (Fu) and the gene histocompatibility-2 (H-2) 
are separable by crossing over (8). A small percentage of fused-tail mice 
from crosses like that in text-figure 1 are genetically susceptible, as 
proved by breeding tests, and a few normal mice are genetically resistant. 
By using strains of fused-tail mice in which crossing over has occurred, 
it is possible to design crosses in which fused-tail mice regularly die and 
non-fused-tail mice survive, thus reversing the condition shown in text- 
figure 1. The percent of crossing over between Fu and H-2 has not yet 
been accurately determined, but it is probably more than 1 and less than 
5 percent. Another dominant mutant gene, brachyury or 7’, is also in 
this linkage group, and is in most ways preferable to Fu as a marker. 

We have so far spoken of the gene H-2 as if it were a single entity. 
Actually, as is commonly the case with genes in all plants and animals, it 
exists in several alternative forms. These alternative forms are called 
alleles. 

The methods of identifying these alleles cannot be described here, 
beyond the remark that they employ the linkage of H-2 and Fu. They 
have already been published elsewhere (9, 10). The results, however, are 
easily presented. 

Table 1 shows the alleles that have been identified to date, and the 
stocks in which they occur. Seven major alleles are now recognized, 
H-2%, H-2*, H-2*, H-2°, H-2?, H-2¢, and H-2", and one of these, H-2*, has 


TABLE 1.—Distribution of H-2 alleles in 19 inbred strains 














H-g4e H-24 — H-2> H-22 | H-ge H-2" 
A | BALB/c AKR C57BL/6 Pp | DBA/I | RIII/Wy 
DBA/2 C57BR/a | C57BL/10 
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a minor variant, H-2*’. There is good reason to suppose that this is not 
the complete list; other alleles will probably be found as additional tests 
are made. 

An interesting feature of the H-2 alleles is that not one of those so 
far found is recessive; all express themselves in the heterozygote. This 
is a parallel to the situation found in the Rh genes and most of the other 
blood-group genes in man. 

Another interesting feature is the occurrence of two components, d and 
k, a situation that provides a striking parallel to the Rh alleles in man, 
where three components, C, D and E are known. The two components 
d and k have so far been found together in only 1 inbred line, strain A. 
The d component alone has been detected in 4 strains, including BALB/c 
and DBA/2, while the k component is present alone in 6 strains including 
AKR and C3H. Eight of the 19 strains so far analyzed lack both 
components. 

These components manifest themselves when F; hybrids, one of whose 
parents is H-2¢ and the other H-2*, are inoculated with strain A (H-2“/H-2) 
tumor 1509la. The result of such inoculation is invariably progressive 
growth of the tumor. None of the pure parent strains, be they H-2* or 
H-2*, will grow this tumor except in infrequent instances. It is only when 
the d and k are brought together in the hybrid, reproducing the dk 
condition of strain A, that growth occurs. Moreover, F, hybrids involving 
any combination of parents other than H-2* X H-2* are preponderantly 
resistant. 

Some typical data are shown in table 2 


TABLE 2.—Data showing the susceptibility of F; mice of the genotype H-24/H-2* to 
strain A (H-24*/H-24*) tumor 15091a. Mice from all other types of crosses show 











total or partial resistance. -+-= susceptible (mouse died from tumor). —=resistant. 
H-2¢4 X H-2* Not H-2¢4 x H-2* 

Cross a _ Cross _ _ 
PINRO) @! § See 25 0 BALB/c X CS57BL/6...... 1 22 
CEES eee 30 0 BALB/c X BIOB......... 0 10 
BALB/c X C57BR/cd..... 15 1 Ie OS Se eee 0 32 
BALB/c X C57BR/a...... 17 0 DBA/1 X C57BR/a...... 14 12 
BALe X CBA... 2.6000. 25 0 i I) 2 as | 5 23 
Ne SS) 4h eee 20 Bef o>. eee 3 16 
DIE KX BE vcccccccvex 14 0 Cs7BL/6 x fe 0 20 
Se | eee 13 0 af 2) eee 2 11 




















It should be emphasized that all strains were originally classified as 
carrying H-2* or H-2* or some other H-2 allele on the basis of the linkage 
test. The results shown in table 2 constitute an entirely independent 
test, which has confirmed in every case the original diagnosis. 

The question arises why, when early studies of the genetics of trans- 
plantation indicated the existence of a number of genes or genetic loci 
concerned with resistance, certain recent tests and crosses of a more 
specific nature seem to reveal only one. We do not yet have the final 
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answer to this question. However, we have had to think in terms of 
“strong” and “weak” loci. The H-2 locus is a “strong” locus. Differ- 
ences between tumor and host at this one locus will stop the growth of all 
but the most virulent tumors. Cross-takes between lines with different 
H-2 alleles are rare. 

Cross-takes between lines with the same H-2 allele are somewhat more 
common. However, C57BL/6 tumor C1498 tested in 14 LP mice failed 
to grow progressively in any of the animals. Strains C57BL/6 and LP 
are both H-2°. Many similar cases could be cited. This in itself is 
evidence for the existence of additional histocompatibility loci. 


Gen. StrainA Strain P 


— 


Strain A 


tumor 





-—-— Ww Pr 








12 . 


P-strain gene for 
resistance on 98.4% 
ao ” 

RK subline AP A-strain background 


TextT-FIGURE 2.— Method for production of isogenic resistant (IR) lines. Strain A 
is any inbred line, strain P any other line which may or may not be inbred. Mice 
in each even-numbered generation are inoculated with a strain A tumor and the 
survivors (indicated by a minus sign) remated to strain A. The resulting isogenic 
resistant line is designated ‘‘AP.”’ 


For some time studies have been in progress aimed at analyzing these 
other loci. These studies are not complete, but some progress has 
been made. 

The method employed is based on the use of what we have called 
isogenic resistant, or IR, lines (11). The lines are produced by the 
succession of crosses shown in text-figure 2. 

The purpose of the crosses is the introduction, into an inbred strain, 
(symbolized in the figure by A) of a foreign histocompatibility gene from 
a second strain, P. Strain P may or may not be inbred. The procedure 
is to cross A and P, raise an F; generation, inoculate with a strain A 
tumor, mate the survivors (who must owe their resistance to a gene or 
genes derived from P) with A, raise a second F2, inoculate the A tumor, 
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and so on. In the 12th generation, two resistant individuals are mated 
together, producing the IR subline “AP.” 

It can be shown mathematically that, in cases where two histocom- 
patibility genes segregated in the original cross, only one of them will 
still be present in the IR line in 97.4 percent of all cases. Where more 
than two genes are segregating initially, the chance of more than one of 
them being carried along in the crosses until the 12th generation is 
somewhat greater, but still low. 

Aside from the introduced histocompatibility gene, and a certain area 
of adjacent chromosome carried along with it, the genes of the IR line 
are 98.4 percent derived from strain A, only 1.6 percent derived from 
strain P. Essentially then, an IR line, AP, possesses one gene for resist- 
ance to transplants isolated from the gene complex of strain P and 
introduced into the gene complex of strain A. Its resistance to strain A 
tumors is due, with possible rare exceptions, to this single gene difference. 

In setting up the project for the production of isogenic resistant lines, 
something over 100 lines were started. Some of these have inevitably 
been lost, so that the number now being carried has been reduced to 74. 
Slightly more than one-half of these have reached or passed the 12th 
generation, and testing of these for identification of the introduced 
histocompatibility gene has been started. 

The testing methods involve quite specialized genetic procedures, and 
only a few details can be given here. The first test applied is a linkage 
test, with Fu or T as a marker, to determine if the introduced histocom- 
patibility gene is an H-2 allele. In tests completed to date, an H-2 
allele has been involved in a majority of the lines. This further empha- 
sizes the importance of this one locus. 

The next group of tests involve an entirely different principle. Two 
strains and one transplantable tumor are involved in each test. These 
are: 1) an isogenic resistant or IR line, 2) a tumor native to its corre- 
sponding pure line, and 3) some third “unknown” line. The procedure 
is to cross the IR and the “unknown” and to inoculate the F, hybrid 
with the pure-line tumor. Some typical results with one IR line, B®D?, 
derived from an initial cross between strains C57BL/6 and DBA/2, are 
shown in table 3. The introduced histocompatibility gene distinguish- 
ing strain B*D? from strain C57BL/6 has been shown by the linkage 
test to be an H-2 allele, but has not been otherwise identified. Since, 
however, it came from strain DBA/2, the presumption is that it is H-2*. 
The tumor used was C1498, native to strain C57BL/6. 

It will be seen from table 3, test number 1, that strain C57BL/6 inocu- 
lated with its own tumor gave the expected results, 100 percent mortality. 
Only 2 mice of IR strain B*D? have been tested subsequent to the 12th 
generation, both being negative (test 2), but since the line is derived from™ 
homozygous resistant animals there is little question that it is genetically 
resistant. Test 3 shows the results of the inoculation of an entirely un- 
related “unknown” strain, C3H, with the expected negative results. In 
test 4, F; hybrids from the cross B*D? X C3H were negative (1 in 20 
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TABLE 3.—Tests with IR line B®D?, identical with C57 BL/6 except for the substitution of 
H-24 (?) for H-2>. All mice inoculated with C57 BL/6 tumor C1498. 
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succumbed). Since these were genetically H-2*/H-2*, and hence without 
allele H-2° which is present in the tumor, this result is expected. In test 5, 
14 pure strain LP mice were negative. Thisstrain is H-2°/H-2° (see table 1) 
and hence so far as the H-2 locus goes should be susceptible. Its resistance 

must be attributed to differences between strains C57BL/6 and LP at 
loci other than H-2. In test 6, 18 of 18 mice from the cross B°D? K LP 
succumbed. Here both parent strains are resistant, but the F,; hybrid is 
susceptible, a reversal of the result in test 4. 

This result is explained as follows. Strain B*D? is identical with strain 
C57BL/6 except for the substitution of gene H-2* for H-2°. All it lacks 
for the growth of tumor C1498 is this one missing gene. Strain LP has 
the gene H-2°, but lacks various other genes required by C1498. In the 
F, hybrid the necessary factors are brought together. Strain LP supplies 
gene H-2°, strain B*°D? supplies all other necessary genes. The result is 
susceptibility. 

This type of result was predicted when the production of isogenic lines 
was first proposed (11), and the prediction has now been fully confirmed 
in this and other crosses. One other test is shown in the table (test 7), 
where B*D? was crossed with H-2° line 129. The results are the same as 
for line LP. 

The test just described gives positive results (all mice die) when the 
pure line (e.g., C57BL/6) and the “unknown” (e.g., LP or 129) have the 
same allele at the locus under test. It gives negative results when the pure 
line and the unknown (e.g., C3H) have different alleles. In the example 
in table 3, it was applied to a known situation in order to show that the 
method is valid. It is now being applied to unknown situations, where it 
becomes a tool for determining the identity and distribution of histocom- 
patibility genes. We can not go into all the crosses involved, but some of 
the results to date can be briefly summarized and are presented in table 4. 

It will be seen that one new locus, H-1, has been definitely identified 
and another new locus, H-3, probably identified. More than half of the 
74 isogenic resistant lines are still untested or incompletely tested. It 
seems reasonable at this stage to presume that when the tests are completed, 
a thorough analysis will have been achieved of a number of the more 
important histocompatibility loci in the mouse. : 
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TABLE 4.—Summary of current status of isogenic resistant (IR) lines 





Number 

of lines 
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Summary and Conclusions 


Susceptibility and resistance to transplants in the mouse are determined 
by multiple dominant genes, called histocompatibility genes. The number 
of such genes or genetic loci can be only very approximately estimated at 
the present time; there are certainly not less than 6 or 7, the actual number 
may be much larger. 

There is considerable indirect evidence that some genes are “weak” and 
some “strong.” By a weak gene we mean one such that a tumor carrying 
it will often grow in a strain lacking it. A difference between tumor and 
host at a strong genetic locus will almost invariably prevent progressive 
growth of a transplant. 

One of the strongest histocompatibility loci is the H-2 locus. Seven 
alleles at this locus, H-2%, H-2¢, H-2*, H-2°, H-2?, H-2*, and H-2', have 
already been detected; there may be more. The locus has two “‘compo- 
nents,” d and k; heterozygotes of the genotype H-2¢/H-2* invariably grow 
strain A (H-2%/H-2) tumor 15091a. 

The H-2 locus determines a red-cell antigen, as well as susceptibility or 
resistance to transplants. Whether other histocompatibility genes in the 
mouse are also blood-group genes is entirely unknown. 

The H-2 locus is closely linked with the genes fused tail (Fu) and 
brachyury or short tail (7). 

Other histocompatibility loci in the mouse.are being studied by means 
of isogenic resistant (IR) lines. An IR line is defined as one identical with 
a standard inbred strain except for the introduction of a single gene causing 
resistance to tumors of this inbred strain. IR lines may be produced at 
will by appropriate crosses, and 74 are now in the process of production 
or analysis. 

Methods of analysis involve linkage tests, and crosses between different 
IR and pure lines with inoculation of appropriate tumors. To date one 
new locus, H-1, and a possible third locus, H-3, have been identified. 

The distribution of H-2 alleles in 19 inbred lines has been determined. 
The mapping of H-1 alleles has been begun. 
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It should be emphasized that success or failure of transplants is influ- 
enced by environmental variables as well as by genetic factors, though 
the latter are perhaps the better understood. 


References 


(1) Lirtie, C. C.: A possible Mendelian explanation for a type of inheritance ap- 
parently non-Mendelian in nature. Science 40: 904-906, 1914. 

(2) Lirrie, C. C., and Tyzzer, E. E.: Further experimental studies on the inherit- 
ance of susceptibility to a transplantable tumor, carcinoma (J. W. A.) of 
the Japanese waltzing mouse. J. Med. Research 33: 393-453, 1916. 

@® Birrver, J. J.: A review of genetic studies on the transplantation of tumours. 
J. Genetics 31: 471-487, 1935. 

©) Litre, C. C.: The genetics of tumor transplantation. Jn The Biology of the 
Laboratory Mouse (G. D. Snell, ed.). Philadelphia, The Blakiston Co., 
1941, pp. 279-309. 

(5) Lirrie, C. C., and Jonnson, B. W.: The inheritance of susceptibility to implants 
of splenic tissue in mice. Proc. Soc. Exper. Biol: & Med. 19: 163-167, 1922. 

(6) Kauiss, N., and Rosertson, T.: Spleen transplantation relationships among 
two inbred lines of mice and their F; hybrids. (Abstract.) Genetics 28: 78, 
1943. 

@ Gorer, P. A., Lyman, S., and Sveti, G. D.: Studies on the genetic and antigenic 
basis of tumor transplantation. Linkage between a histocompatibility gene 
and ‘“‘fused’”’ in mice. Proc. Roy. Soc., London, 135: 499-505, 1948. 

Snetu, G. D.: Preliminary data on crossing over between H-2 and Fu, Ki and 

T in the mouse. Heredity 6: 247-254, 1952. 

(9) Snett, G. D., and Hicerns, G. F.: Alleles at the histocompatibility-2 locus in 
the mouse as determined by tumor transplantation. Genetics 36: 306-310, 
1951. 

(10) Sneti, G. D.: A fifth allele at the histocompatibility-2 locus of the mouse as 
determined by tumor transplantation. J. Nat. Cancer Inst. 11: 1299-1305, 
1951. 

: Methods for the study of histocompatibility genes. J. Genetics 49: 





87-108, 1948. 














Discussion: The Genetics of Tissue Transplantation 


Moderator: Dr. C. C. Little, Roscoe B. Jackson Memorial Laboratory 


Dr. W. E. Heston, Natronat CANceR INstiTUTE, BetHespDA, Mp.: In the session 
on clinical problems the question was raised regarding the probability that in the 
human population the recipient would be genetically receptive to an homologous tissue 
transplant, and how this probability would be affected by choosing the donor and 
recipient from the same family. In answering the question in very general terms, one 
should first point out that the human population is a genetically heterogeneous popu- 
lation and that only in the case of identical twins can the genetic similarity between 
individuals be expected to approach that in the inbred strains of mice. As Dr. Snell 
pointed out, successful transplantation is dependent upon the recipient possessing 
certain dominant genes present in the donor and thus in the graft. While the number 
of these genes is not known, for normal tissues it is presumably large and probably 
larger than that for neoplastic tissues. Without knowing the actual number of genes 
concerned, the exact probability that the recipient will be genetically receptive to an 
homologous graft cannot be determined, but in the general population this probability 
would be expected to be small, decreasing as the number of genes increases. The 
probability could be expected to be somewhat higher when the donor and recipient 
are related than when they are unrelated, and higher when the transplant is made 
from parent to offspring than when made from offspring to parent. 

With respect to some of our own work, it might be emphasized that the recipient 
need not necessarily be genetically identical with the donor to insure successful trans- 
plantation so long as the recipient has those specific dominant genes possessed by the 
graft and concerned in its successful transplantation. The F,; hybrid from a cross 
between two inbred strains possesses all the dominant genes that either parent strain 
has. Thus, considering the whole complex of genes, since the parent strains are 
genetically different the F, is genetically different from either strain, but the F; will 
successfully accept grafts from either parent strain. 

By utilizing these well-known facts one can get two tissues that are genetically 
different growing in a common host. This situation has been applied to the problem 
of pulmonary tumors in mice in Dr. Arthur Kirschbaum’s laboratory and in our own 
laboratory, to ascertain whether or not the susceptibility of an animal to the develop- 
ment of pulmonary tumors is inherent in the pulmonary tissue, i.e., whether the 
primary gene action controlling the development of pulmonary tumors is localized in 
the pulmonary tissue or is manifest through some general systemic mechanism. 
Normal lung tissue from a genetically susceptible strain and that from a genetically 
resistant strain were transplanted into the F,; hybrid of the two strains. The fact that, 
following the injection of the hybrid with a carcinogen, tumors frequently developed 
in the transplanted lung tissue from the susceptible strain but rarely developed in the 
transplanted lung tissue from the resistant strain, indicated that the primary action of 
at least most of the genes controlling pulmonary tumor development, by which 
these strains differed, is localized in the pulmonary tissue. 

Dr. Prehn might care to discuss a similar problem he has worked on with mam- 
mary tumors in the mouse. 


Dr. Richmond T. Prehn, National Cancer Institute, Bethesda, Md. 


It has been suggested by Dr. Heston that I discuss our work illustrating the use of 

the basic genetic laws of transplantation of which we have heard so much this evening. 

We have been interested in the problem of the spontaneous mammary tumor in 

mice. The work we have done is very similar in principle to Dr. Heston’s work with 
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lung tumors. As we have just heard, it is possible to transplant tissues from either 
parent inbred mouse strain to the F, hybrid, and we have utilized this fact in the 
following way: a strain of mice susceptible to mammary tumors was outcrossed to a 
tumor-resistant strain. The resulting F; hybrids were quite susceptible to spontane- 
ous Mammary tumors. Mammary glands were then transplanted from the resistant 
parent strain to the susceptible F; hybrids. F, hybrid glands were autotransplanted 
to serve as controls. All transplantations were done when donor and recipient ani- 
mals were 3 weeks of age and were still susceptible to administration of the mouse 
mammary tumor milk agent. 

Thus, by the judicious use of the genetic laws of transplantation it has been possible 
to compare the mammary tumor incidence in glands from mice of high-tumor and low- 
tumor strains when the glands were in a common physiologic environment. What 
we have been comparing is the intrinsic glandular susceptibility when all extra-glandu- 
lar factors, such as hormone levels, etc., have been constant. Results to date have 
indicated that the glands from the tumor-resistant mouse strain have remained re- 
sistant even when growing in the susceptible F; recipient, whereas tumors have been 
observed in transplanted susceptible glands. This finding suggests that resistance or 
susceptibility to spontaneous mammary tumors is, at least in a large measure, an 
intrinsic property of the glandular tissue rather than the result of systemic factors. 

It is necessary to mention the method of mammary gland transplantation, since 
previous methods have proved rather unsatisfactory for a variety of reasons. Our 
nethod is simply to make a full-thickness skin graft (including the panniculus carnosus) 
containing the gland or glands to be transplanted. The transplanted gland is there- 
fore left in a normal anatomic relationship to surrounding structures, and gives the 
appearance of being a completely normal and functioning organ. Lactation can be 
readily observed in such transplanted glands, although we have not yet succeeded in 
raising litters upon them. 

The ease with which full-thickness skin grafting can be accomplished among genet- 
ically compatible mice has been utilized in another way. We have heard much tonight 
about the basic genetic laws of tissue transplantation, and some of the practical re- 
search applications of these laws. We have heard very little about the method of 
gene action or how the gene exerts its influence over tissue transplantation. The 
same general principles of transplantation can, however, be put to work toward 
elucidating this problem. 

The first question that might be asked is whether genetic differences make the 
tissue cells of donor and recipient intrinsically incompatible. This problem has been 
attacked in the following manner. 

As we have seen, it is possible to make full-thickness skin grafts from either parent 
inbred strain to the F; hybrid. However, transplantation is usually impossible between 
the parent inbred strains. We have made skin grafts from one parent strain to the 
F, hybrid, and have then implanted a tumor from the other parent strain into the 
skin graft. This results in a situation in which the local tissues surrounding the tumor 
implant are from a strain genetically incompatible with the tumor. The host animal 
as a whole, however, is susceptible to growth of the tumor. If the tissues are intrinsi- 
cally incompatible we might expect that the tumor would fail to grow. The results 
of this type of experiment have indicated that the genetic derivation of the local tissues 
at the tumor implantation site (i.e. skin grafts) does not influence the success or 
failure of tumor transplantation. The obvious conclusion, that genetic differences 
do not make tissue cells intrinsically incompatible, is in line with the results of tissue- 
culture experiments done by other investigators at the National Cancer Institute. 

This same type of attack can be made on the problem of secondary or acquired 
immunity. The phenomenon of concomitant tumor immunity is well known. The 
first implantation of a tumor exhibiting this phenomenon is successful, but its growth 
apparently “immunizes” the host so that a second implantation of the same tumor fails. 

If such a tumor is placed in the tails of a number of mice of an inbred strain, and the 
tails are subsequently amputated, the mice will be found “immune”’ to further implan- 
tation of the same tumor. The skins of such immune animals can be grafted to non- 
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immune mice of the same strain. Conversely, skins of nonimmune animals can be 
grafted to the immunized mice. Now the stage is set to transplant the same immunizing 
tumor to these two sets of grafts. Results obtained in such an experiment have 
indicated that the immunity, whatever its nature, is not fixed in and transplanted 
with a skin graft. On the other hand, grafts from nonimmune mice to immune animals 
were consistently resistant to tumor growth. We can therefore conclude that the 
immunity is dependent upon some type of circulating factor. 

I hope that this discussion has illustrated the practical usefulness of present-day 
knowledge of the genetics of transplantation, and the potential value of continued 
research of the type described by Dr. Snell. 


Dr. George W. Woolley, Sloan-Kettering Institute, New York, N. Y. 


I should like to refer to two experimental methods in which genetic procedure and 
transplantation technique have been used to further biologic knowledge. 

Sharp differences exist between strains of mice in their adrenal cortical response to 
gonadectomy. In strain C57BL there is little adrenal cortical change; in strain DBA, 
nodular hyperplasia of the adrenal cortex occurs; and in strain CE, adrenal cortical 
carcinoma invariably occurs. These differences persist in generation after generation, 
and there are evidently hereditary differences involved. Since these growths may be 
prevented by hormone replacement, the question arises as to whether the genetic 
influences operate mainly through systemic or through local adrenal cortical tissue 
factors to produce the strain differences. A knowledge of the way genetic transplan- 
tation laws operate allows a critical experiment to be set up. Dr. Huseby first utilized 
this technique in relation to the adrenal cortex. More recently we have also utilized 
it. In our experiments a cross has been made between strain DBA and strain CE. 
The F; hybrids were gonadectomized at birth, adrenalectomized at one month of age, 
and in some instances received transplants of strain DBA adrenal glands and in some 
instances transplants of strain CE adrenal glands. The results thus far indicate, as 
they did in Dr. Huseby’s experiment using different strains, that, under the F; systemic 
influence toward adrenal cortical carcinoma formation, strain DBA adrenal glands 
will only develop toward nodular hyperplasia and strain CE adrenal glands will 
develop adrenal cortical carcinomas. It is evident that local factors in the adrenal 
cortical tissue are of great importance in determining these inherited differences in 
susceptibility to adrenal cortical tumors. An extension of this study will permit 
determination of the site of genetic differences in hormonal production by these 
tumors, since strain DBA nodular hyperplasia is associated with a “female-like”’ 
hormone and strain CE adrenal cortical carcinomas with a “male-like’”’ hormone. 

Another experiment also demonstrates the usefulness of the genetic law of trans- 
plantation for securing new information difficult to obtain otherwise. Recently 
a new dominant-lethal tail mutation has appeared in the mouse that seems to be 
in part a morphologic mimic of the effect of the gene T. The question at hand 
is how best to secure knowledge of whether or not this new mutation is identical to 
T and to the T location on the ninth chromosome. Ki, Fu, or T locations do not seem 
useful for linkage tests in this case. A linkage test was set up in a standard way, using 
the H-2 locus (also a ninth-chromosome locus) and the new tail mutant. Using 
inoculations of tumor 15091a, it has been possible to secure evidence that the new 
mutation is not at the well known T locus. Although this work must be considered 


preliminary as far as the actual results are concerned, the method seems to be straight- 
forward and useful. 


Dr. P. B. Medawar, University College, London, England 


A remark of Dr. Heston’s prompts me to raise the question: how often may homo- 
grafts such as skin homografts in human beings be expected to succeed when donor 
and recipient are chosen at random? The answer “Never” is perhaps too peremptory, 
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and Dr. I. J. Good! of London has proposed a general solution along the following 
lines. 

Let a be a “histocompatibility” antigen that is present in a fraction p of the popula- 
tion (and accordingly absent from a fraction 1—p). Let D and R be donor and recipi- 
ent, respectively, chosen at random. Then the antigen a may be present in any one 
of the following distributions, to the occurrence of each of which a certain probability 
may be attached: 


D R Probability 
aah awed present...... aheent...... p(i—p) 
ee te present...... present...... p? 
iid Gru kd ote absent...... present...... p(l—p) 
Dewcwinn ak od eee absent..... (1—p)? 


It follows from the definition of ‘‘histocompatibility antigen’? that only case 1 
defines an incompatibility situation, for a cannot act as an antigen in cases 2, 3, and 4. 
The summed probability of the occurrence of these favorable combinations is simply: 


p+ p(l—p) + (l—p)?=1—p(1—p) 

Purely for convenience’ sake, write r= 2p—1, so that r=0 when p=%. Then it 
follows by simple algebra that the occurrence of a “favorable’’ distribution of the 
antigen a is: 

3+ 7 
4 

Of course, more than one antigen is concerned, and we may consider a whole family 
@, 43, 43, . . . @y for which the corresponding x values are 7, 72, 73, . . - Tn- 

The combined chances of getting a “favorable” or compatible combination of the 
distribution of the n antigens is: 


8+? 3-9?) S—ae ' 3x te! 











4 4 4 , 4 





or in the conventional shorthand: 


n 3-7? 


— © 


In Good’s words, “It may be optimistic to take n=20 but it would be pessimistic 
to take all the z,;’s equal to zero. So it may not be far from the truth”’ to say that the 
probability of a successful take is: 


(3) =300 roximately 
ri =300 2PP ximately. 


This figure—one permanently surviving graft by luck in 300—is interesting because 
it represents a most unexpectedly high fraction. There are, however, difficulties in 
accepting such a figure. Mr. M. F. A. Woodruff has pointed out that n may well be 
more than 20, and that the percentage of favorable combinations drops very rapidly 
as n increases. Dr. J. B. 8S. Haldane challenges Dr. Good’s premises on the ground 
that, if they were true, the percentage of favorable combinations in grafts between 
parents and offspring should be very much higher than there is any clinical evidence 
for supposing it to be. It is likely that both these comments will appear in due 
course in The Lancet. In the meantime, I should only deplore any tendency for 
clinicians to claim successful results from the use of skin homografts on the 
ground that “mathematics shows it might well be so.’”’ Any claim whatsoever 
that a homograft has survived permanently must be the subject of the most detailed 
and scrupulous documentation: the a priori likelihood of compatibility is, at best, 
small, and the pitfalls of interpretation are many. 


1 Goon, I. J.: Skin banks. Lancet, London, 2: 289, 1952. 




















Acquired Immunity to the Graft! 


E. J. Ercuowaup, Department of Pathology, Uni- 
versity of Utah College of Medicine, Salt Lake City, 
Utah 


Acquired immunity to transplanted tissues has been discussed widely 
in relation to spontaneous cancer, tumor transplantation, and transplan- 
tation of normal tissues. This presentation is organized accordingly: it 
deals first with the problem of acquired immunity to spontaneous cancer; 
then with tumor transplantation; and finally with transplantation of 
normal tissues. 

Investigators of spontaneous cancer have searched intensively for 
phenomena denoting the presence of acquired immunity to neoplastic 
cells. They have studied inflammatory reactions around foci of neo- 
plastic cells, and degeneration of neoplastic cells in their original site and 
after metastatic dissemination. They have looked for antibody-like 
substances in the serum of cancer patients. They have investigated 
case histories in which permanent regression of pathologically proved 
cancers appeared to have taken place. They have attempted immuniza- 
tion for therapeutic purposes by reinjecting modified cancer cells into 
their original host. These studies have been unsuccessful. 

The opposite situation has prevailed in the transplantation of normal 
tissues. Here one of the chief problems has been that grafts from one 
individual to another of the same species can be transplanted with some 
initial success but that after a certain period of time degeneration occurs 
almost invariably. This observation has suggested strongly the develop- 
ment of acquired immunity by the recipient individual. Attempts to 
prevent or overcome this resistant state have been unsuccessful. 


Immunity to Spontaneous Cancer 


Immunotherapy of cancer has been the aim of many investigators, and 
there are a few who still hold out for it. There is some merit in their 
arguments. Some cancers, and a slowly increasing number of them, have 
been demonstrated to follow the introduction of a virus-like agent. If 
some cancers, and maybe all cancers, are caused by infectious agents, it is 
only sound to attempt to cure or prevent these diseases by means which 


1 Presented at the Tissue Transplantation Conference, Arden House, Harriman, N. Y., October 8, 1952. 
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have proved of value in the fight against other infectious diseases, such 
as smallpox or tetanus. 

The hopes for a cancer cure on immunological principles received un- 
justifiably strong emphasis from the experiments in the field of tumor 
transplantation. Tumors which were known to grow progressively and 
kill some hosts, began to grow in others, only to regress after a certain 
period. Thus they followed a growth curve similar to the temperature 
curve of typhoid fever or pneumonia. It was also noted as early as the 
turn of the century that the injection of normal, embryonal, or attenuated 
neoplastic tissue rendered a host immune to a test inoculation of tumor 
tissue that would have been fatal without the prior injection of the 
immunizing agent. At that time not enough was known about genetics 
and the significance of the host-graft relationship. It was not realized 
that the chance for a cure of the transplanted cancer was in direct pro- 
portion to the height of the genetic barriers separating the graft from the 
host—species barriers, strain barriers, and the barriers between individuals 
with closely related genetic constitution. 

Immunotherapy of cancer is a subject somewhat in disrepute. We 
seem to have accepted the dictum that there can be no immunotherapy 
of cancer. It is considered scarcely in good taste to ask whether there is 
not something of fundamental importance in the observations of Lums- 
den (1) and others. 

Let us consider one of the observations of Lewis and Aptekman (2). 
They studied the growth of a transplantable rat tumor in an inbred strain 
of rats in which the same tumor had arisen originally. The tumor and the 
strain therefore had a very similar if not identical genetic constitution, 
and it grew progressively in 100 percent of the hosts. They strangulated 
the tumors with a rubber band to choke off the blood supply. The tumors 
died, became absorbed, and left all hosts immune to reinoculation with 
the same tumor. 

Similar results were obtained by Richter and MacDowell (3) with 
small numbers of leukemic cells which had arisen in the same closely 
inbred strain; by Goldfeder (4) with tumor cells properly attenuated with 
irradiation; and by Gross (5) with small numbers of cells of methylcho- 
lanthrene-induced sarcoma, injected intradermally. 

How can a host become immune to a tumor of its own? There are 
three possible explanations: 1) The host and the transplanted tumor are 
indeed identical or nearly identical genetically, but the neoplastic cells 
carry an additional antigenic moiety which is specific to it and to neo- 
plastic tissues in general. It is the response to this specific tumor antigen, 
brought to the fore by the experimental technique of Lewis, Goldfeder, 
Lumsden, Gross, and MacDowell, which caused the regression of these 
nearly autologous tumors. This explanation would be most gratifying. 
It has been the great hope of the cancer immunotherapists. It is the 
theory which Lumsden attempted to prove, but which today we tend to 
discredit. The simple observation of Gross that in some animals spon- 
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taneous tumors arose while the treated tumors regressed should go far in 
delivering a fatal blow to the theory of tumor-specific antigens. 

2) While host and transplanted tumor may have originally had an 
identical genetic constitution, the circumstances of the experiment re- 
sulted either in slow death of tumor tissue, or involved tumor growth 
under unfavorable local conditions. Antigenically active products were 
elaborated and the antibody response destroyed the graft. If there 
should be some basis for this theory, we should search for means of 
creating or increasing some of this latent antigenicity, by strangulation 
of the tumor, or by intratumoral injections of antisera or formalin. 

3) The third explanation is the most likely and the most discouraging. 
It goes as follows: the premise of the first 2 explanations is false. Host 
and tumor were not identical genetically. True, they arose in the same 
strain and were very similar, but they were not identical. Maybe they 
were identical at one time; but at the time of flie experiment there had 
developed a genetic dissimilarity, which, if properly magnified, could evoke 
a strong immune response and destroy the graft. George Snell has re- 
minded us that “any pure stock is slowly but consistently undergoing 
minor changes in its genetic constitution” (6). The observed immunity 
phenomena would then depend on “the cumulative genetic gap resulting 
from long continued serial transfer’ (7). If this is correct, and these 
experiments were based on the action of iso-antibodies, then ‘‘the search 
for a cure of human cancer based upon these principles is likely to prove a 
fruitless one”’ (8). _Weshould also be aware that the described phenomena 
are directed almost exclusively against the establishment of a new tumor, 
and not against an already established tumor. And we know that right 
after transfer the life of a graft hangs on a thin thread, even under the 
most hospitable circumstances. Should we then give up the search for 
immunotherapy of cancer? I wish to answer this question with a recent 
statement of Hauschka’s: ‘The reality of autoimmunization in health 
and disease argues against premature abandonment of the search for neo- 
plastic antigens” (7). 


Immunity to Transplanted Tumors 


1) Induction of immunity—Some years ago George Snell stated that 
we should not “regard experiments in tumor immunity as having any 
but the most remote bearing on the problem of cancer prevention and 
cancer therapy” (6). The reported observations in this field are highly 
diversified, the number of investigators is legion, and the literature 
appears endless (6, 9). 

There is that type of immunity which is evoked by a growing tumor 
itself: the tumor regresses after a brief period of growth. Then there 
are the many phenomena which are exhibited by two or more transfers 
of biological material. Whenever a tumor has regressed in a partially 
susceptible host, heterologous or homologous, reinoculation of the same 
tumor will not be successful in most instances. Next, there is that 
immunity which follows injections of material different from that of the 
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test tumor. A different tumor or even normal tissue may induce an 
immune state. Red blood cells will immunize as long as the cells, or 
major portions of their surface, remain intact (10). In the experience of 
other investigators cell fragments may be sufficient. Dulaney (11) has 
demonstrated that both mitochondria and the microsome fraction suffice. 
The immune response to whole nuclei is relatively weak. 

A great variety of techniques have been used to produce resistant states. 
The number of injections of antigen has varied from 1 to 10 or more. 
The doses and the intervals between injections have varied. The injec- 
tion routes and the techniques of preparation and storage of the antigenic 
material have varied. 

2) Manifestations of immunity —The results of the immunizing pro- 
cedures often have not been reproducible. The lack of standardization 
of experimental procedures, and particularly the failure to control genetic 
factors has made duplication of experiments difficult. The properties of 
different host sites have not always been duly considered. Subcutaneous 
inoculation of a tumor graft into a homologous host in many instances 
does not give an accurate picture of the susceptibility of a host or its 
ability to develop a strong immune response. Many grafts fail to grow in 
this site not because of the immune response of the host to the graft, but 
for other reasons, such as technical or anatomical circumstances. One of 
the advantages of the anterior chamber technique is that the factors 
which may prevent the initial take of a tumor are reduced and standard- 
ized (12). Almost all grafts are given a chance to grow; if they do not grow 
progressively, it is attributable to one main biological event, namely the 
immune response of the host to this particular graft. The anterior cham- 
ber technique is a standardizing procedure. It reduces variables. 

a. Morphologic aspects——The most obvious manifestations of the 
immune effect are morphologic in’nature: a tumor gets off to a good start, 
but after 2 or 3 weeks it ceases to grow and is absorbed; or, a tumor which 
under ordinary circumstances would have grown, fails to do so if its 
inoculation is preceded by the injection of antigenic material. 

The manifestations of the immune response are not always so precise. 
The immune response can manifest itself as a decrease in the percentage 
of takes, as a prolongation of survival of the host, or as a decrease in 
tumor size. 

b. Precipitins, complement fixing, and lymphocytopenia-producing anti- 
bodies.—Table 1 shows a variety of antibodies which have been described 
in association with transplanted tissues, together with the names of in- 
vestigators associated with them. Although this compilation is im- 
pressive, the mechanics of graft regression have not yet been adequately 
explained. 

Complement-fixing antibodies, precipitins, and antibodies which exert 
a lymphocytopenic effect have been demonstrated in a number of 
instances, but it is by no means certain that these or other antibodies are 
responsible for the regression of the graft, or that they can be incriminated 
in the actual destruction of the foreign cells. They may be mere by- 
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TABLE 1.—Antibodies in immune response to transplanted tissues 


Complement-Fixing Antibodies: 
mochowski (1938)—(41) 
Cruickshank (1941)—(33) 
Kidd (1946)—(13) 
Precipitins: 
— Sulzberger, and Weil (1943)— 
31) 


Allgower, Blocker, and Engley 
(1952)—(27) 

Lymphocytopenia-Producing Agents: 

Chew and Lawrence (1937)—(32) 

Cruickshank (1941)—(33) 

Woodruff and Forman (1950)—(34) 
Hemagglutinins: 

Gorer (1938)—(42) 

Lumsden (1938)—(24 

Jay and Kaliss (1949)—(43) 

Kaliss and Jay (1950)—(15) 

Kaliss and Molomut (1952)—(44 
Neutralizing Antibodies: 

Duran-Reynals (1940)—(44) 


Neutralizing Antibodies—Continued 

Green f1946)—-(18) 

Burmester (1947)—(16) 

Dulaney and Arnesen (1949)—(11) 

Law and Malmgren (1951)—(46) 

Imagawa, Bittner, and Syverton 
(1950) —(19) 

Werder, Kirschbaum, and Syverton 
(1950) —(20) 

Ambrus et al. (1951)—(17) 

Ellis and Kidd (1952)—(23) 

Stoerk et al. (1952)—(47) 

Cytotoxins in Tissue Culture Experi- 

ments: 

Lambert and Hanes (1911)—(48) 

Lumsden (1931)—(1) 

Phelps (1937)—(49) 

Harris (1943)—(25) 

Snell and Favata (1951)—(50) 

Allgower, Blocker, and Engley 
(1952)—(27) 





Kidd (1946)—(13) 


products which at best indicate that the host is developing some kind of 
a defense against the graft. Often we fail to demonstrate antibodies of 
any kind. Occasionally we can demonstrate antibodies, but the graft 
appears to be little influenced by their presence and continues to grow. 
In such cases we like to use the argument of the insufficient titer, of the 
high resistance of the foreign cell, or the low agglutinability of a sample 
of red blood cells., There is also the possibility that several types of 
antibody are involyed, and that more than one type is necessary to effect 
graft regression. ‘These different types of antibodies may have different 
points of attack. One may be associated with the action of inflammatory 
cells or with vascularization while another may have a direct effect on 
the cells of the graft by interfering with multiplication. Antiproliferative 
or ‘‘antiblastic’’ effects of this nature have been discussed by Kidd (13), 
and Medawar’s experiments with second-set skin grafts seem to indicate 
their presence (14). 

c. Hemagglutinins—The appearance of hemagglutinins during the 
development of immune states has been demonstrated by several investi- 
gators (table 1). To summarize in a simplified fashion: C57BL mice 
are resistant to a tumor of strain A mice. Following inoculation of the 
tumor into the resistant C57BL mice, the latter develop agglutinins 
which clump the red blood cells of the susceptible strain A. From these 
experiments it was concluded that tumor cells carry an antigen, charac- 
teristic of their strain of origin, and also shared by the red cells of their 
particular strain. By contrast, the resistant mice lack this antigen and 
therefore produce agglutinins against the tumor, and against the red cells 
of the strain of origin, without damage to their own red cells—a situation 
similar to that in Rh-sensitization. This interpretation implies that 
susceptibility or resistance to a transplanted tumor is associated with the 
presence or absence of an antigen in the host—presence in cases of sus- 
ceptibility and absence in cases of resistance. It has been demonstrated 
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by Kaliss and Jay (15) that these agglutinins develop not because of the 
presence of carried-over red cells in the graft but clearly because the graft 
cells themselves carry the antigen. Again, it is debatable whether these 
agglutinins are responsible for the regression of the graft or whether they 
represent merely adjuvant or parallel reactions. 

d. Neutralizing antibodies —The demonstration of neutralizing anti- 
bodies is a simple and attractive method (table 1). One incubates the 
material suspected to harbor the antibody with a tumor cell suspension, 
and injects the material into susceptible hosts. Failure of the tumor to 
grow in susceptible hosts is an impressive demonstration of the presence 
of an antibody. However, it is not always satisfactory. When a mouse 
tumor cell suspension is incubated for one to three hours with the serum 
of a mouse naturally immune to it, the tumor grows well following inocula- 
tion into a susceptible host. The same happens when a tumor cell sus- 
pension is incubated with serum of a mouse which has been specifically 
immunized against the tumor. Exceptions are seen in experiments with 
the sera of rabbits carrying complement-fixing antibodies against the 
Brown-Pearce tumor (13), and with the sera of immunized avian hosts 
(16). Even when the serum of a naturally immune heterologous host is 
used an inhibitory effect is barely noticeable. The results are different 
with the sera of immunized heterologous hosts. These sera readily in- 
hibit or destroy the growth capacity of tumors (17-20). The dictum 
of Leo Loeb’s seems to hold, that “immune reactions can be demon- 
strated the more readily the coarser are the differentials which serve 
as antigens’’ (2/). 

Although the sera of immunized mice are free of demonstrable antibody 
against the homologous tumor used for the immunization, a cytotoxic 
effect can be shown when one incubates the tumor cells, instead, with 
minced lymph node from these mice (22, 23). By contrast, the lymphoid 
cells of naturally immune mice do not exert such an effect on homologous 
tumor cells. 

e. Cytotoxrins in tissue culture-——Tissue culture methods have been 
utilized for almost 40 years in the demonstration of cytotoxins. Lumsden 
was not encouraging with respect to their practicability. He stated that 
“agelutination tests,” by contrast, “have the great advantage that they 
are easy to perform and to repeat; the results are unmistakable, and can 
be estimated without special training. Tissue culture experiments require 
skill and experience” (24). Yet, tissue culture methods have been employed 
to great advantage. They enable us to “sepaxate individual aspects of 
tissue reactions from the total host response” (25). Morgan Harris has 
demonstrated that rat and mouse cells, in mixed tissue culture, grow side 
by side and interweave intimately. This will continue for a period of 
time during which in vivo the rat or the mouse would have elaborated a 
powerful immune response to the foreign cells. To Harris this observation 
is additional proof that ‘‘toxins are not produced by local interaction 
between graft and foreign body fluids,” but, instead, by central agencies. 
Harris also demonstrated that normal rat serum does not affect the in vitro 
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growth of mouse cancer cells, but the serum of a rat immunized against 
this particular mouse cancer does exert a lethal effect. This immune 
serum also destroys the growth in tissue culture of other mouse cancers, 
from the same or different strain, but it does not destroy cancers from 
different species. It also destroys cultures of normal mouse cells, but not 
cultures of normal cells of rats or other foreign species. It appears that 
the cytotoxins involved are anti-species antibodies. This is in contrast 
to the findings of Lumsden, who detected fine quantitative differences in 
the responses of normal and neoplastic tissue. Harris pointedly commented 
on this by stating that ‘certain previous workers have tried to twist the 
action of cytotoxic sera into a specific against tumors” (26). 


Immunity to Transplanted Normal Tissues 


1) Skin.—There is a great deal we do not know about the immune 
response to transplanted tumors. What we know, however, appears 
great by comparison with the meager information available on the immune 
response to transplanted normal tissues. 

Our knowledge of the fundamental aspects of acquired immunity to 
transplanted normal tissues with few exceptions is based on morphologic 
observations. Many homologous skin grafts appear to take initially, but 
slough after a few weeks. This statement of “sloughing,” in most in- 
stances, refers to the gross appearance of the graft. Only occasionally 
have the events prior to sloughing been subjected to microscopic verifi- 
cation. This is quite crucial, since it is known that the microscopic 
appearance of an apparent ‘take’? can be very disappointing. The 
epithelium may be completely necrotic, but the graft still appears smooth 
and vascularized (27). 

The studies of Medawar have brought our understanding of the slough- 
ing of skin grafts up to a scientific level. He has demonstrated that skin 
grafts abide by immunological laws: a second skin graft to a rabbit from 
the same rabbit donor will slough more rapidly than the first. The 
epithelium of the second graft hardly ever shows mitotic activity (14). 
Medawar has introduced quantitative and semiquantitative methods: 
he has shown that a large first graft immunizes more effectively than a 
small one. Medawar has done studies on the nature and specificity of the 
antigen: the first graft, the immunizing agent, need not be skin; it may 
be blood, specifically white blood cells, particularly when injected into the 
dermis of the rabbit (28). Medawar also has investigated the mechanics 
of transmission of the antibody to the skin graft: he has shown that the 
immune effect is not transmitted to the second graft unless the latter is 
vascularized (29). The immune effect will be absent or weakened when 
the donors of the first and the second grafts are not identical. This last 
observation is very impressive: Medawar used rabbits which had been 
immunized previously with a skin graft. These rabbits received second- 
set skin transplants, this time to the anterior chamber of the eye but from 
the same donor. Whenever the skin graft in the eye was not vascularized, 
the graft survived. Whenever vascularization occurred, the immune 
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effect was evident by the death of the graft—with one exception. In 
this one case the graft survived, in spite of rich vascularization of the 
skin graft in the eye. In this case the second skin graft came from a 
different donor. In Medawar’s own words, “It provided yet another 
demonstration of the strong donor specificity of the immune reaction.” 

We have not learned, however, which type of antibody is involved; 
and we do not know why skin grafts slough. Medawar’s experiments 
indicate that immune phenomena can be elicited with grafted skin and 
that the fate of skin grafts is influenced by immunization procedures. 
They do not necessarily explain the sloughing of the first skin graft, 
although it appears likely that similar events are responsible for this 
first sloughing. 

Early this year a group of workers in Pomerat’s laboratory published 
a significant study on the nature of the immune response to skin grafts 
(27). They were able to produce precipitins and cytotoxins to human 
skin by immunizing rabbits with human skin suspensions. They failed 
when they used a homologous source of antigen, namely rabbit skin. 
It appears that the situation is similar to that in tumor experiments: 
normal homologous or heterologous serum does not contain demonstrable 
antibody to the foreign epithelium; nor does immunized homologous 
serum, but immunized heterologous serum does contain demonstrable 
antibodies. It takes the coarse contrast between species, potentiated 
by the immune response, to show the antibodies. The “fine differences 
either cause insufficient disturbances, or are somehow covered up” (2/). 
These results are far from the final aim of the studies: namely, to deter- 
mine why skin grafts slough. Skin grafts slough not only in heterologous 
hosts, but also—clinically much more significant—in homologous hosts; 
and they slough without previous immunization of the host. 

It was stated above that circulating antibodies to transplanted mouse 
tumors had not been detected in the sera of mice immunized against these 
tumors. By contrast these antibodies had been found to be present in 
the fixed lymphoid cells of these immunized hosts. A similar situation 
might pertain with respect to transplanted skin. That does not seem to 
be the case. Medawar has searched unsuccessfully for cytotoxic anti- 
bodies to homologous skin in the lymphoid tissues of immunized rabbits 
(30). Renewed efforts in this direction might prove profitable. 

Two groups of investigators have had some success in demonstrating 
antibodies to homologous transplanted skin. Hecht, Sulzberger and Weil 
(31) worked with 3 groups of rabbits: one group received intramuscular 
injections of rabbit-skin antigen; the second group received injections of 
staphylococcus toxin; the third group received both rabbit-skin antigen 
and staphylococcus toxin; only the animals of the third group developed 
precipitins to the skin antigen. 

The second group of investigators, located in England—Chew and 
Lawrence (32), and later Cruickshank (33)—inoculated rat lymph nodes 
into rabbits and obtained a rat lymphocyte antiserum, which, when 
reinoculated into rats, depressed the level of circulating lymphocytes. 
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This lymphocytopenic effect was species-specific, and not dependent on 
adrenal function: it also occurred following adrenalectomy of the target 
animal. Woodruff (34) did not use the rabbit as an antibody producer, 
but, instead, another rat of a different strain. He transplanted skin 
grafts and obtained an antiserum which depressed the lymphocyte level 
of the donor. 

This is where we stand today. To my knowledge, Woodruff’s obser- 
vations on lymphocytopenia-producing antibodies have not been applied 
to tumor transplantation. Kidd’s observations on the presence of cyto- 
toxins in the lymph nodes of tumor-immunized mice have not been applied 
exhaustively to the transplantation of normal tissues. The extraordinary 
specificity of the immune response to skin grafts, as observed by Medawar, 
has not been verified on a larger scale, although its lesson has been applied 
to corneal transplantation. 

2) Cornea.—In the transplantation of portions of the cornea to homo- 
logous hosts the problems are similar to those in skin transplantation. 
One of these is the extent to which immune events influence the outcome 
of the procedure; another, whether or not corneal grafts ever survive in 
a biological sense. Considerable light on these two questions has been 
cast by Maumenee (35). He has demonstrated that sensitization of a 
rabbit recipient, before or after the corneal transfer, almost invariably 
results in opacity of the graft, provided the antigenic material is taken 
from the same donor. Opacity is to the ophthalmologist what sloughing 
is to the surgeon: it indicates failure. 

The study of the immune response by Maumenee has supplied informa- 
tion which is apt to cast a shadow on the possibilities of transplantation 
in general. It has a bearing on true graft survival. The observation 
that the immune response is not demonstrable in the corneal graft after 
a period of 6 weeks, indicates either that the grafted cells have adapted 
themselves to the host, or that they have been replaced by host cells, 
according to Maumenee. The theory of adaptation requires a great 
deal of optimism. It is more likely that cellular replacement has occurred. 
If gradual cellular replacement is the graft’s only chance for survival, 
then corneal transplantation amounts only to a permanent transfer of 
intercellular substance and the situation resembles that in arterial trans- 
plantation. It resembles the insertion of nonliving matter. 

3) Endocrine glands.—As early as the turn of this century Halsted (36) 
noted that parathyroid grafts could be autologously transferred with 
success only when the animal was deficient in parathyroid function. This 
observation, known as ‘‘Halsted’s principle,” has proved to be of general 
significance in the transplantation of endocrine glands. Last year Furth 
(37) published a report dealing with the successful transplantation of 
hyperplastic pituitary tissue to homologous hosts deficient in thyroid 
function. Halsted’s principle somehow modifies the immune response to 
transplanted tissue. The mechanism of this is not clear. Is the antibody 
response suppressed? Are the antibodies produced, but held in check by 
some unknown mechanism? Merwin and Hill (38, 39) have shown by the 
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use of partially thyroidectomized mice with double transplants of thyroid 
and nonendocrine tissue (harderian gland) that an immune response was 
produced and that it was not held in check: the thyroid graft persisted 
while the nonendocrine graft perished. It appears therefore that trans- 
planted endocrine cells are resistant to the immune response when the 
host is in need of them. What is the mechanism of this resistance? And 
can this mechanism be utilized by cells of nonendocrine tissues? 


Conclusion 


Most likely these questions will remain unanswered until more is known 
about the mechanism of the immune response to transplanted normal 
tissues. The above sketchy review indicates how little is known. If it is 
compared with the relative wealth of information on the immune response 
to transplanted tumors, one might be reminded of some of our friends who 
like to acquire, without evident purpose, large numbers of mechanical 
tools such as electrical saws, drills, and lathes, although in practice they 
are never used. There are only a few investigators who have attempted 
to apply the accumulated tools. Kaliss and collaborators, for example, 
have applied the lessons learned in the study of the growth-enhancing or 
XYZ factor to the transplantation of normal tissues such as skin. The 
problem is of impressive complexity, and progress has been discouragingly 
slow. In the past, to quote Medawar, “The plastic surgeon has relied 
upon the laboratory worker neither for inspiration, principle, nor technical 
aid.” Dempster (40), the British surgeon, has said, “The problem is so 
obscure that the widest research cooperation between experimental 
surgeon, clinical surgeon, serologist and geneticist will be required for its 
solution; yet, it is so vital that an organization for the coordination of 
these specialists would seem opportune, with the aim of achieving successful 
homotransplantation in man.”’ 
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Discussion: Acquired Immunity to the Graft 
Moderator: Dr. J. Kidd, Cornell University Medical College 


Dr. P. B. Mepawar, University CoLtece, Lonpon, ENGLAND: Dr. Eichwald had 
time for only the briefest mention of lymphocytes in his lucid and comprehensive 
address, and I would like to add a few more words about them. As Loeb and Murphy 
have long since insisted, the infiltration of tissue homografts by lymphocytes is a regu- 
lar accompaniment to their breakdown. What are they doing? Are they the seats of 
hypothetical homotoxins, or the vehicles by means of which antibodies are brought 
to the neighborhood? Or is their presence merely a by-product of the general in- 
flammatory changes that accompany tissue destruction? 

There is still no final answer to these questions, because it is hard to think of any 
erperimentum crucis that could distinguish between the two possibilities. The quanti- 
tative histologic evidence of Darcy ! tells against the theory of a casual connection 
between “round-cell’”’ activity and homograft breakdown, but the fact that cortisone 
can to some degree hold the homograft reaction at bay might be construed as evidence 
initsfavor. But I think that the evidence of comparative studies on homograft break- 
down is revealing. Very different intensities of inflammatory response and cellular 
infiltration are to be found in different animals: both are of a savage intensity in the 
rabbit and the cow, of moderate intensity in the guinea pig, and comparatively mild in 
mice and men. Yet (forgetting man, for whom the evidence is incomplete) skin 
homografts live for much the same length of time in all these species; exchanged be- 
tween animals of the maximal genetic disparity, they survive their transplantation 
for only 7 to 9 days. This strongly suggests that homograft survival time, intensity 
of inflammation, etc. are independent variables, and that the intense round-cell infiltra- 
tion that accompanies homograft breakdown in the rabbit is to be thought of as a 
serological peculiarity of the species. (Within any single species, however, as Dr. Kidd 


reminds me, intensity of inflammation and shortness of a homograft’s life go hand in 
hand.) 


Dr. Nathan Kaliss, Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine 


I would like to submit a few speculations. Up to this point most of our attention 
has been focused on the reactions of the host to the graft. By implication, the graft 
has been treated as a passive partner in the host-graft complex. But the graft tissue 
or organ, as a living structure, must react in a positive manner to the host. Is it not 
conceivable that the graft also “inflames’’ to the foreign environment of the host? 
For example, it has been stated by the clinicians that skin, as a rule, grafts poorly. 
Leo Loeb has demonstrated that a stronger lymphocytic reaction is observed to skin 
grafts, even in autologous grafts, than to other organs such as kidney or ovary. Yes- 
terday, Dr. Stark showed us photographs of vascularization reactions around skin 
homografts in mice. As you recall, the blood vessels of the host grew up to the margin 
of the graft and then formed a ring around the graft without invading it. May not 
this be an expression of the inflammatory activity of the graft, in this case leading to 
its eventual destruction? In the evolution of the living organism, is it not possible 
that the skin, as the first point of contact with the external environment, has developed 
the function of inflammation to a very high degree as a specific aspect of its physiology? 


! Darcy, D. A.: A study of the plasma cell and lymphocytic reaction in rabbit tissue homografts. Philos’ 
Trans. Roy. Soc., s. B. 236: 463-503, 1952. 
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In this sense, might it not be that the so-called “‘antigenic simplification” observed 
in the increased transplantability induced in some tumors is an expression of a lowering 
of the ability of these grafts to “‘inflame’’? 


Dr. Blair O. Rogers, Presbyterian Hospital,! New York, N. Y. 


I would like to draw attention to the fact that Hecht and Sulzberger’s paper cannot 
be considered conclusive evidence of precipitating antibodies directed against the skin 
used in their experiments, because of the possibility that this skin was contaminated 
with the normal staphylococci often present in the air or environment of any laboratory 
experiment not conducted under purely sterile conditions. These authors mentioned 
this fact in a footnote attached to their paper. The obvious conclusion is reached. 
The antibody they demonstrated was probably directed against a specific staphylococ- 
cus contamination rather than against the specific hypothetical skin antigen per se. 

In our experimental work with humans in the past year, I feel that we have demon- 
strated a possible new finding in the phenomenon of the human skin homograft. I 
offer these findings only as a preliminary report, and with a great deal of hesitancy, 
because we are not yet sure whether these results can be said to be the consistent find- 
ings in every case of skin homografting. We have found that during the entire clinical 
course of a skin homograft there is a circulatory as well as a tissue eosinophilia. This 
eosinophilia describes an arc or a curve, reaching a peak of intensity that returns to 
normal eosinophil levels only when the last vestiges of the skin homograft’s dermal pad 
have completely disappeared by gross examination. Tissue counts of these eosin- 
ophils were made from biopsy specimens taken every 4 to 5 days during the course of 
the survival and ultimate sloughing of the homografts. These counts were made at 
the interphase between the host tissue and homograft. Without going into detail, 
because this is to be reported in a paper soon to be released, several hypotheses are 
suggested. The eosinophilia may be only a response to foreign protein per se (Biggart 
has shown this experimentally in animals). Then again, if the skin homograft may be 
considered to be a parasite living in the host’s environment, trying to change this 
environment to suit itself or creating conditions to which the host reacts antagonisti- 
cally, this eosinophilia may actually be the human’s response toa parasite. It is well 
known that eosinophilia occurs with most cases of parasitism in humans. 

However, we more strongly favor the hypothesis that the eosinophilia is telltale 
evidence of an “‘ill-defined allergic response’’ taking place in the tissues, which is some- 
what similar to the response seen in skin sensitivity reactions with ulceration as 
described by allergists, or as seen in the tuberculin reaction. 

Because there is a high content of histamine involved in the latter two phenomena, 
and because the eosinophil has been proposed as the cell that carries or manufactures 
histamine, we might think of the eosinophil as a “‘causative”’ cell that needs to make its 
appearance at the site of the homograft to initiate the sloughing reaction, which it 
does by furnishing histamine to the tissues around such a homograft. I need not go 
into the effect of histamine on the end capillaries, with their resultant loss through a 
gangrenous stagnation and thrombosis. This would differentiate the eosinophil’s role 
from that proposed by Squire, namely that the eosinophil is only concerned with mop- 
ping up the products of tissue damage. This also does not rule out the role of the 
lymphocyte in skin homografting, which may be supplying antibody to the site of the 
homograft at the same time that the eosinophil is performing its own specific function. 

The question might be raised as to the reason for the failure of ACTH to prolong the 
survival time of skin homografts if, as is well known, ACTH suppresses the eosinophil 
count (as evidenced by a circulatory eosinopenia in animals or patients given ACTH). 
If the eosinophil has anything whatever to do with the onset of the sloughing phenom- 
enon, as I have hypothesized, it may be that mere circulatory evidence of an eosin- 
openia in ACTH-treated animals or humans does not rule out the fact that the sup- 
pressed eosinophils may be forced into their tissue and marrow reserve stations, only 


1 Present address: Plastic Surgery Unit, New York University College of Medicine, Department of Surgery. 
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to make their appearance when the mechanism of a homograft’s incompatibility de- 
mands them at a certain stage in the “ill-defined allergic response.’”’ This is suggested 
by recent clinical and experimental reports of a rise in circulatory eosinophils at the 
time when the first changes characteristic of destruction of the graft make their ap- 
pearance, despite the continued suppression of these eosinophils by ACTH therapy. 
Then again, the eosinophils suppressed by ACTH therapy may be of a delicately 
different morphologic and cytologic configuration than the eosinophils that respond 
to homografting procedures. In this respect, the eosinophils examined in our counts 
and biopsies were uncommonly large, very heavily granular, and in the “secretory 
phase.” 

We would also like to report that we can substantiate Professor Medawar’s second- 
set “immunity” phenomena in our controlled experiments with full-thickness skin 
homografts in humans; namely, second-set homografts taken from the same donor and 
applied to the same host undergo a more rapid gangrenous degeneration than the 
first-set homografts. 


Dr. Glenn H. Algire, National Cancer Institute, Bethesda, Md. 


Interstrain homografts of a mammary adenocarcinoma were studied in transparent 
chambers. As with grafts between mice of the same inbred strain, initial vasculariza- 
tion was accomplished by the graft. Temporary growth occurred for approximately 
6 to 8 days. Tumor cells survived no longer than 11 days. Vascular breakdown was 
concurrent with, but not primarily causative of the homograft destruction. Second 
homografts were made into mice in which a first implant had regressed. There was 
an early inflammatory reaction and no initial vascularization of the tumor. Tumor 
cells survived no longer than 6 days. 

In agreement with Tyzzer (1916) and Gibson and Medawar (1943), no evidence 
was found of the existence of natural immunity to the first graft. Evidence was ob- 
tained of the development of resistance in the course of exposure to the first, as indi- 
cated by the more rapid destruction and failure of initial vascularization of the second 
homograft. 


Dr. Ruth Merwin, National Cancer Institute, Bethesda, Md. 


Our observations may be of interest in relation to the mechanism of the initiation 
of resistance and the mechanism of destruction. 

Dr. Eichwald raised the question as to whether a tissue such as thyroid in a thyroid- 
ectomized host survived because it was not vulnerable or because it did not initiate 
immunity. Using Dr. Algire’s transparent-chamber technique, it was found that 
when implants of both thyroid gland and harderian gland from newborn mice of one 
strain were present in a semithyroidectomized host of another strain, the thyroid sur- 
vived but the harderian gland disintegrated, suggesting that the thyroid survived in 
spite of resistance in the host. 

Dr. Eichwald mentioned Medawar’s finding that nonvascularized homografts 
survived in an immune host. These implants were made into the anterior chamber 
of the eye of rabbits. At a subcutaneous site, we have found that nonvascularized 
homografts of thyroid or harderian gland—unlike Medawar’s anterior chamber im- 
plants—disintegrated in resistant mice. Other observations of interest here are that 
while vascularized implants disintegrated, nonvascularized implants survived indefin- 
itely if no vascularized homografts were present in the same host. They survived be- 
cause no immunity was initiated, for when additional harderian gland implants were 
made at intervals up to 9 months after the inoculation of the original graft, the new 
as well as the old harderian gland always survived. Although these nonvascularized 
implants survived indefinitely they remained vulnerable, for if a new implant that 
became vascularized was placed in a chamber with a nonvascularized implant that 
had already been in the chamber for 9 months, the old as well as the new implant dis- 
integrated. After 9 months in a mouse of a foreign strain the nonvascularized implants 
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were still potentially antigenic, as shown by their disintegration if they became vas- 
cularized following reimplantation into the same foreign strain. 


Dr. Anna Goldfeder, The City of New York Department of Hospitals, and New York 
University, New York, N. Y. 


In 1905 Ehrlich made the classical observations that when a tumor graft failed to 
produce a tumor in the animal host, or when an established, actively growing tumor 
regressed spontaneously, the animal became resistant or “immune” to subsequent 
viable tumor grafts. Since then, attempts have been made to induce a resistant state 
experimentally. 

Several investigators have demonstrated that tumor grafts attenuated by either 
moderate heat, formalin, or X radiation rendered animals resistant to subsequent 
viable tumor grafts. Thus, using hybrid Swiss albino mice and tumor grafts of Sar- 
coma 180 irradiated with critical doses of X ray, I was able to produce a resistant state 
in about 100 percent of the treated mice.! 

Attempts were later made to transfer this resistance or “immunity” against Sarcoma 
180 to normal Swiss mice, by injecting fresh or dried lyophilized blood, serum, plasma, 
or suspensions of various organs, all prepared from the immune mice. However, all 
such attempts failed to render the animals “immune”’ to Sarcoma 180. 

On the contrary, a rather stimulating effect was noted on the rate of growth of 
Sarcoma 180 following injections of the lyophilized tissue material into the mice. This 
was evidenced by the shortening of the latent period (time between the implantation 
of the tumor grafts and occurrence of a tumor of a measurable size), and by the in- 
crease in size of the actively growing tumors compared with those in control mice. 
Since these observations seemed rather paradoxical, they were not mentioned in the 
publication.! 

Further experiments along these lines were carried out on an inbred strain of rats 
(Bagg strain) with an autogenous tumor.? Both were obtained from the late Dr. 
Halsey J. Bagg. The rats had been bred in his laboratory by brother X sister mating 
for more than 15 years. The tumor, which arose in a rat of this strain and was diag- 
nosed by the late Dr. James Ewing as a reticulum-cell-type lymphosarcoma, had 
reached its 75th generation of transfer; the tumor takes were almost 100 percent, and 
spontaneous regression rarely occurred. 

This type of tumor proved to be rather radiosensitive. Thus, tumor grafts irradi- 
ated with doses ranging from 2,400 to 2,600 r failed to produce tumors, but rendered 
a significant percent of the rats resistant to subsequent viable tumor grafts. 

However, grafts of autologous fetal skin of the same inbred line of rats failed to 
induce resistance against this tumor.’ It has occasionally been observed that rats in 
which either a control (nonirradiated) tumor graft failed to produce a tumor, or in 
which an established control tumor regressed spontaneously, also became resistant to 
viable tumor grafts. Therefore, I am rather inclined to believe that in this case the 
tumor, and not the rats, underwent a spontaneous genetic change. The fact that the 
autologous embryonic skin failed to produce resistance in the adult rats supports this 
view. 

Experiments were made on inbred C57BL mice with mammary carcinoma 755, which 
arose in a mouse of this inbred line. A dose of 4,500 r prevented the tumor grafts from 
producing a tumor.‘ However, the mice in which the irradiated tumor grafts failed to 
produce a tumor remained susceptible to further viable tumor implants. 


1 GOLDFEDER, A.: Relation between radiation effects and cell viability as indicated by induced resistance to 
transplanted tumors. Radiology 39: 426-431, 1942. 

3 GOLDFEDER, A.: Induced resistance in inbred homozygous rats to a lymphosarcoma autogenous to the strain. 
Proc. Soc. Exper. Biol. & Med. 59: 104-109, 1945. 

3 GoLprEDER, A.: Failure of homozygous embryo skin to prevent growth of autogenous tumor-grafts in the 
rat. Proc. Soc. Exper. Biol. & Med. 60: 338-340, 1945. 

* GoLpFrEDER, A.: Further studies on the relation between radiation effects, cell viability, and induced resistance 
to malignant growth. Effects of roentgen rays on Bagg-Jackson mouse carcinoma 755 irradiated in vitro and in 
situ. Radiology 44: 283-292, 1945. 
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To investigate further the possibility of inducing ‘‘immunity” to autogenous tumors, 
experiments were extended to two highly inbred lines of mice, both bearing the milk 
agent and implanted with autogenous mammary adenocarcinomas. These are the 
C3H high-cancer line obtained from Dr. J. J. Bittner, and the DBA high-cancer line 
obtained from Dr. T. S. Hauschka. The autologous tumor grafts, attenuated with 
threshold doses of X radiation, failed to induce resistance in the lines of mice from 
which the tumors originated, whereas mice of sublines of these strains were rendered 
resistant to viable grafts of the respective mammary tumors.5: ® 

A significant number of the highly inbred C3H and DBA mice in which either the 
irradiated tumor grafts failed to produce a tumor, or in which established, actively 
growing tumors regressed following X radiation, later produced spontaneous mammary 
tumors. 

It was of interest to note a rather stimulating effect on subsequent tumor growth 
occurring in the C3H and DBA mice in which autologous irradiated tumor grafts, 
previously injected, had failed to produce tumors. As in the previous experiments 
with the hybrid Swiss strain of mice, the evidence was the shortening of the latent 
period. For example, the average latent period of the mammary adenocarcinoma 
autogenous to the Bittner C3H mice was reduced from about 16-18 days to 10-14 days 
in the C3H mice previously injected with irradiated tumor grafts.° This stimulating 
effect, however, should be further investigated on a more statistical basis. 

To complete the brief account of the experience in this phase of investigation, I 
would also like to mention the experiments carried out on two highly inbred strains of 
rats, the August strain and the A X Cstrain. Grafts of the mammary adenocarcinoma 
autogenous to the August strain of rats, attenuated with critical doses of X ray (about 
5,000 r), as well as X-ray attenuated grafts of the fibrosarcoma autogenous to the 
A X C rats, failed to render the rats of the respective lines resistant to viable tumor 
grafts of the respective autologous tumors, subsequently implanted. 

In summary, experiments were carried out with three highly inbred lines of mice 
(C57BL, C3H, and DBA) and on two inbred lines of rats (A X C and August), and 
with tumors that originated in these lines, respectively. Grafts of the autogenous 
tumors attenuated with critical doses of X radiation failed to render the animals 
“immune”’ or resistant to subsequent viable tumor grafts. It seems that X radiation 
did not alter the genetic make-up of the tumor tissues so as to render them “‘antigenic’’ 
or foreign toward the host from which they originally arose. Moreover, the possi- 
bility of immunizing the host against its own tumor is very questionable. 


§ GOLDFEDER, A.: Further studies on the relation between radiation effects, cell viability, and induced resistance 
to malignant growth. Anomalous radiosensitivities of analogous mouse mammary adenocarcinomas. 
54: 93-115, 1950. 

6 GoLprepsr, A., and INovveE, F.: Factors concerning radiosensitivity and ‘‘immunizing ability’”’ of mouse 
mammary tumors. (Abstract.) Cancer Research 12: 265, 1952. 
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Methods of Conditioning the Graft in 


Tumor Transplantation » * 


THEoporE S. Hauscuka, Institute for Cancer Re- 
search and Lankenau Hospital Research Institute, 
Philadelphia, Pa. 


The word “conditioning” implies an oriented change induced by con- 
trolled factors. This definition is not entirely applicable to the present 
topic, for transplantable tissue is not a uniformly reactive system. A few 
cubic millimeters of solid tumor or of ascitic fluid constitute heterogeneous 
competitive complexes of millions of cells, amenable—but unpredictable 
in response—to experimental interference. Conditioning the graft should 
therefore be viewed as a population problem. The chemical or genotypic 
environment encountered by a neoplasm in serial passage might be 
planned so that growth characteristics are altered. Are the observed 
shifts in morphology, resistance, virulence, and histocompatibility in- 
stances of “induced adaptation,” or are they brought about by selective 
mechanisms? Do these changes occur suddenly, in stepwise fashion, or 
gradually; do they persist or can they be reversed? 


The Neoplastic Population 


In a panmictic Mendelian population mating at random, genetic 
equilibria obey the Hardy-Weinberg law: the relative frequencies of each 
gene allele in the total pool remain constant from generation to generation, 
unless the alleles endow their carriers with different degrees of viability 
or reproductive capacity. 

The checks and balances in a population of cancer cells are somewhat 
more subtle. Growth of a tumor graft by purely vegetative division does 
not result in a tissue in which all the malignant cells are identical. 
Mutants and viable heteroploid variants accumulate with time. Such a 
community attains rather labile non-Mendelian equilibria between its 
clonal components and is a competitive continuum transcending the life- 
spans of successive hosts by many thousand cell generations. Serial 
passage introduces an element of discontinuity; the race between com- 
peting cell types is called back to the starting line at regular intervals, 
exhausted substrates are replenished, and toxic or immunologic hurdles 


1 Presented at the Tissue Transplantation Conference, Arden House, Harriman, N. Y., October 8, 1952. 
§ Supported in part by a grant from the National Cancer Institute, U. 8, Public Health Service, and by an 
institutional grant from the American Cancer Society. 
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are intermittently removed. There also is no penalty against metabolic 
short-cuts, and new contestants may enter the field at any point. 

A species holding its ground against other forms in an open environment 
constantly eliminates mutants that have lost important metabolic func- 
tions. The cancer cell, on the other hand, is parasitic within the genotype 
from which it has itself been derived. This encourages variability with 
impunity. Lwoff (/) has emphasized that parasites have in many cases 
lost quite a number of functions and that such “losses” may have selective 
advantages in a medium such as the host environment which contains 
enough ready-made metabolites. The advantage of not performing 
certain syntheses may “lead to an acceleration of some other essential 
growth reactions—that is to an increase in growth rate.” A tumor graft 
is thus potentially a very complex population against which diverse 
selective pressures can operate and which might even be “conditioned”’ 
simply by choice of the proper selective agent. 

The mosaic concept of the neoplastic cell community gains support from 
many facts, some commonplace and others not yet generally appreciated. 
The attainment of so-called autonomy (2), stepwise losses of histocom- 
patibility genes (3), the spontaneous transitions from carcinoma through 
mixed tumor to sarcoma, and the replacement of differentiation by ana- 
plasticity are all suggestive of natural selection from among a multi- 
plicity of cellular variants. Tissue cultures of melanoma, hepatoma, and 
thyroid tumors, when reimplanted into mice, have resulted in sarcomas 
(4). Even the fatal step from normal to malignant has repeatedly 
occurred in vitro (5, 6). An amelanotic subline has been derived from 
melanoma S91 by selective transfer (7, 8); and a spontaneous change in 
nuclear structure from spherical to lobated has been recorded for a dis- 
tinct subline of 6C3HED lymphosarcoma (9). 

The wide range of cell size in several ascites tumors (10), the multi- 
nuclear and giant cells often seen, as well as the fluctuations of chromo- 
some numbers (11-14), are proof of a variegated genetic constitution, as 
are the values of DNA per cell arrived at by chemical and spectro- 
photometric means (10, 15). There is reason to believe that even cells 
with somewhat less than the normal diploid chromosome constitution, 
or aneuploid types unbalanced in the opposite direction, have continued 
viability. 

“Conditioning” such an array of reactive entities from without is not 
always a question of judicious treatment. Almost any experimental 
interference (by radiation, drugs, hormones, high and low temperature, 
antisera, storage, or ligation) is apt to favor one cell type above another, 
and thereby modifies the graft. The following account will be confined 
to a few of the more clear-cut conditioning phenomena, namely, the 
results of exposure to metabolic antagonists, passage through hybrid 
genotypes, transformation from the solid to the ascites growth form, and 
the possible dependence of certain conditioning responses on the chromo- 
some ploidy of tumors. Attempts to modify the behavior of a neoplasm 
by microisolation of clonal sublines will also be described. 
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Fluctuation Test 


Technical and theoretical guidance in the analysis of oncologic popula- 
tion problems has come from advances in bacterial genetics. Ten years 
ago microbiology was faced with the need for a critical decision between 
two alternatives in explaining the origin of bacterial variants resistant to 
phage, antibiotics, and other unfavorable factors: 

1) Does the unfavorable factor induce a refractory state in the formerly 
susceptible organism? Or— 

2) Has resistance arisen as a chance mutation, and did the hostile 
environment therefore play merely a selective role? 

An ingenious statistical method known as the “fluctuation test’? was 
developed by Luria and Delbriick (16) to distinguish between these two 
possibilities. If mutation to resistance is not caused by exposure, the 
number of resistant cells per culture should vary greatly, depending on 
how long ago the mutation had occurred; and variance of the number of 
resistant individuals in different cultures should be larger than the mean 
number of such cells per culture. If, on the other hand, resistance is an 
adaptation to exposure, variance should be about as large as the mean. 
Since, in most experiments of this type, variance was much greater than 
the mean, it has been concluded that mutation to resistance is independent 
of exposure. 

Law (1/7) has employed the fluctuation test in answering the question 
of whether or not the resistance of leukemic cells to folic-acid antagonists 
was caused by exposure. Had the resistant type arisen by adaptive 
interaction with the antagonist (A-methopterin), there should have been 
no significant difference between the fluctuation of data for fifteen inde- 
pendent sublines and a single control subline, all derived from the same 
sensitive tumor. However, variance was twenty times greater in the 
independent series than in the single subline group, increases in resistance 
during serial transfer were stepwise, and resistance in the absence of 
A-methopterin was stable. These results support the mutation-selection 
mechanism in preference to a conditioning influence of the antagonist on 
the leukemic cells. 

The usefulness of the fluctuation test (text-fig. 1) is, of course, not 
limited to resistance phenomena; it is adaptable to a wide variety of 
questions pertaining to the origin of shifts in morphologic, biochemical, 
functional, and immunogenetic characteristics of transplantable tumors. 


Induced Changes in Histocompatibility 


Some transplantable tumors which have arisen in inbred stocks, and 
have been propagated only in the stock of origin, can be conditioned to 
undergo abrupt changes in their histocompatibility by passing them tempo- 
rarily through a first-generation hybrid between the susceptible strain of 
origin and any resistant strain. This important observation was first 
recorded by Barrett and Deringer (18) for a C3H mammary carcinoma. 
Two groups of resistant backcross hybrids were tested for susceptibility; 
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FLUCTUATION TEST 
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TEXT-FIGURE 1.—Diagram showing design of a typical fluctuation test. Donor of 
stock tumor has received smallest inoculum necessary for take. 


one series received tumor grafts directly from C3H donors, the other was 
implanted with tumor that had resided in (C3H XK BALB/c)F; mice for 
one or more passages. Transfer via F, was followed by a threefold increase 
in the backcross takes expected on genetic grounds. The data obtained 
after direct home-strain passage were compatible with a 3 or 4 H-factor 
ratio; indirect passage gave a 2-factor ratio (expectation 25%). 

These experiments have been extended (19) to determine whether the 
altered transplantability was permanently fixed, or whether it depended 
on maintenance of the tumor in heterozygous hosts and could be changed 
back to its original level by growing the “adapted” tissue for several 
generations again in the strain of origin. Barrett and Deringer found 
that returning the modified tumor to prolonged serial passage in C3H 
mice could not reverse the acquired decrease in specificity, and that the 
change had become permanent after a single transfer through C3H X 
BALB/c. The increase in transplantability applied only to backcross 
takes and was not accompanied by a generalized trend toward genetic 
indifference. Statistically, it appeared to be a loss of one or two histo- 
compatibility genes. 

Following Barrett’s conditioning method, I induced significant shifts in 
the antigenicity of two further tumors (table 1). The TA3 mammary 
adenocarcinoma (A/He origin) was tested as an ascites in (A/He X C3H/ 
St) X C3H/St backcross mice; the DBA lymphoma (DBA/2 origin) was 
inoculated both as an intraperitoneal ascites and as a solid subcutaneous 
growth into animals of the constitution (DBA/2 X C3H/He) X C3H,/He. 
Altogether 1,307 mice received these tumors via direct home-strain trans- 
fer and indirect F; passage. Again, the latter type of transfer somehow 
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modified the percentage of backcross takes. This change was not hap- 
hazard, but usually proceeded from a good fit for a given gene number to 
a value fitting another gene requirement. However, in three cases out of 
four an increase rather than a decrease in specificity was recorded. The 
DBA lymphoma ascites, tested in two series, gave a significantly increased 
H-factor requirement in one experiment and an inconclusive result in the 
other, while the two control values were almost identical. The stability 
of tumors following direct passage, and unpredictable instability after 
transient residence in a heterozygote would appear to detract from the 
usefulness of genetic data obtained for tumors after they have been rou- 
tinely propagated in F, hybrids. 


TABLE 1.—Comparison of backcross takes resulting in death after uninterrupted passage 
of mouse tumors in the strains of origin and after one transfer through F; between 
susceptible and resistant genotypes 








Direct trans- | Transfer via | Hypothetical 
Tumor fer (percent F; (percent | D/SE | shift in anti- 
deaths in BC) | deaths in BC) genic factors 
C3HBA carcinoma (solid)*...| 7.8 + 1.6 24.0 + 3.2 4.5 4 or 3-2 
TA3 carcinoma (ascites)..... 28.04 3.2 )/11.24+3.1 3. 7 2-3 
DBA lymphoma (ascites) 
ft See 4.0+ 2.1 11.6 + 3.2 3.3 2-3 
DBA lymphoma (ascites) 
Sa eee 22.0+2.1 | 340+4.7 2.3 2-? 
DBA lymphoma (solid)...... 5.1 4+ 2.2 0.9+41.0 1.8 4 or 5-3? 

















* The data for C3HBA are those of Barrett and Deringer, 1950, who tested 456 mice. The results for TA3 car- 
cinoma and DBA lymphoma are based on 1,307 BC animals inoculated with these tumors. 


It is of interest that the solid form of the DBA lymphoma after direct 
passage required 4 or 5 H-factors for successful subcutaneous growth in 
backcross mice, while the DBA lymphoma ascites needed only 2 genes 
for progressive intraperitoneal growth. This raises the question whether 
transplantation site, or stroma, or physical state of tumor (solid vs. 
suspended) can affect antigenicity; for when the solid DBA lymphoma 
was reconverted into an ascites tumor (both having grown exclusively 
in the home strain), it immediately returned to its original 2-gene 
requirement. 

A further complication is introduced by estrogenic stimulation, to 
which lymphoid tumors are particularly susceptible (20). Under our 
experimental conditions, males injected with the DBA lymphoma ascites 
survived longer than females. The tumor killed a significantly larger 
percentage of backcross and F, females than males of corresponding 
genotype and age, all inoculated from the same ascites pool with a dosage 
that has been invariably lethal for all pure DBA mice of both sexes. In 
table 2 the results for DBA lymphoma Series I and II have been com- 
bined and analyzed for sex-differences in response. The effect of indirect 
transfer, shown in table 1, is canceled out by this rearrangement of the 
data and a:significant influence of sex becomes apparent. The difference 
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between takes in males and females was, however, significant only after 
inoculation from DBA/2 donors. Indirect transfer via F; mice narrowed 
or suppressed the sex-difference in susceptibility. 

The conditioning of histocompatibility relationships between graft and 
host incident to a brief growth period in a heterozygote is obviously a 
very intricate process of “induced adaptation.” This designation does 
not imply that a genuine adaptive mechanism is postulated (21-23). 
One may speculate that the recessive h-loci or partially dominant H-alleles 
in the heterozygous host permit the elaboration of small amounts of 
antibodies which interact with the corresponding antigens or even genes 
in the graft. No matter how many antigenic loci are carried in the 
chromosomes of an individual cancer cell, they are probably neutral in 
the inbred strain of origin; but some of them could be deleterious, others 
beneficial in the presence of “hybrid substances” (24). Selective factors 
in the F, environment might thus favor variants possessing more or fewer 
H-genes than the modal cell type, and the population equilibrium could 
drift either toward decreased or increased specificity. The irreversibility 
of the change in transplantation potential following F,; passage, the full 
manifestation of the change after a single such passage, and the good 
agreement between the modified take percentages and Mendelian ratios 
all suggest that “immunologic selection” may be at work in the geao- 
typic conditioning of transplantability. The fluctuation test and micro- 
isolation procedures (to be discussed below) might be advantageously 
applied to this question. 


Transformation of Solid Tumors Into Ascites 


Free tumor cells occur frequently in peritoneal and pleural effusions 
associated with visceral malignancies. The well known Ehrlich ascites 
tumor of the mouse arose spontaneously from a solid growth, as did the 
Yoshida sarcoma of the rat (25). The latter was found as a thick milky 
suspension of cells in the abdominal cavity of a rat with an induced 
scrotal tumor that had infiltrated the retroperitoneal tissue; it has been 
transplanted as a typical ascites tumor for more than 300 serial passages. 

In the present context, a question of primary concern is the nature 
of the change from the attached to the suspended growth form. Has 
the ascites descended from mutant types with a special capacity for 
continued life and reproduction in a fluid medium? Can any solid tumor 
be conditioned so that it becomes transmissible as a “nearly pure culture” 
of cells in peritoneal exudate? 

The technique for transforming a solid graft into an ascites (26, 27) 
consists simply of intraperitoneal inoculation of tissue mince in saline. 
This results in numerous nodules attached to the mesentery, and invasive 
growth sometimes accompanied by an effusion. It is a matter of chance 
whether malignant cells are exfoliated into the serous liquid and whether 
any of them can multiply there without stromal support and vascular 
contact. Repeated intraperitoneal subinoculation of exudate may trans- 
mit the tumor and the pure ascites state is eventually attained. Fluid 
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transfer can be interrupted by subcutaneous injection and, due to spatial 
confinement, the tumor again assumes the solid form exhibiting all its 
original histologic characteristics. On the surface, this makes the ascitic 
transformation appear like an adaptational change. However, upon rein- 
jecting the solid tumor—even after several subcutaneous passages—once 
more into the peritoneal cavity, an ascites now develops immediately (10). 
The initial slow conditioning process, therefore, should be attributed to 
inadvertent selective transfer rather than to training in the adaptive 
sense. 

Not all tumors respond equally to this treatment. Klein’s represent- 
ative series of 28 neoplasms, including lymphomas, carcinomas, sarco- 
mas, and melanomas (10, 28), gave results falling into three categories: 

a) Some tumors transformed into ascites immediately; this pertained 
especially to lymphomas, which are derived from tissue accustomed to 
life in a fluid medium under normal conditions. 

b) Several sarcomas and carcinomas conformed only after prolonged 
passage of the exudate. 

c) A third group (notably osteosarcomas, melanomas, and hepatomas) 
was refractory to the change and grew only as solid intraperitoneal 
masses. 

Rapid growth and an advanced degree of anaplasticity appear to be 
the primary prerequisites for transformation into a typical ascites. Dur- 
ing the earlier transfer generations it is important to inject large cell 
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KREBS2 CELLS INJECTED PER MOUSE 


TEXT-FIGURE 2.—Survival time and mortality of Swiss mice in relation to Krebs-2 
cell dosage. 
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dosages (about 20 X 10° cells). In later generations the inocula may be 
reduced to very small numbers of cells, as evident from the dosage- 
mortality curve for the Krebs 2 carcinoma (text-fig. 2). In the most 
characteristic ascites, such as the DBA lymphoma and the Krebs 2 (figs. 
1-3), individual cells are freely suspended and are capable of multiplying 
in the liquid. Klein (10) has shown for the Ehrlich tumor that after 
four days about five times the number of cells originally injected can be 
recovered from the ascitic fluid, at a time when solid infiltration is just 
beginning. 

Formation of floating clusters of cells in preference to free suspension 
appears to be a constant and characteristic feature of some carcinomas 
and hepatomas; thus the TA3 mammary adenocarcinoma (A/He origin) 
has continued to form suspended cell complexes of adenomatous arrange- 
ment for 67 transfer generations, and this tendency could not be overcome 
by differential centrifugation of the exudate prior to transfer (Hauschka, 
unpublished data). Similarly, in Yoshida’s ascites hepatoma of the rat 
(25), the cells are never separated from one another, as in the case of the 
Yoshida sarcoma, but form conglomerates of various sizes and shapes 
tightly covered with an endothelial layer of Kupffer-cell derivation. 

The wide variety of response to the ascites conditioning process, 
ranging from highly susceptible to completely refractory, indicates that 
only certain types of cells within any one neoplastic population can sur- 
vive and grow in the fluid medium of the peritoneal exudate. Experi- 
mental conditioning, therefore, does not affect the population as a whole, 
but simply provides the opportunity for a shift in equilibrium. 


Growth Potential as a Function of Chromosome Ploidy 


All neoplasms that have been analyzed for chromosome-number dis- 
tribution were found to be complex heteroploids or chromosomal mosaics 
(29) with a distinct diploid or tetraploid mode (11-14). The cells with 
the most balanced genomes seem to function as ‘‘stem-cells” in the propa- 
gation of the malignant tissue. There are, however, enough viable cells 
with aberrant aneuploid chromosome numbers to provide a constant source 
of genetic inequalities. How are these differences reflected during passage 
of a graft through foreign genotypes? When fourteen tumors of known 
ploidy were examined for transplantability in various host strains, a 
consistent relationship between chromosome constitution and histocom- 
patibility became evident (30, 31). All tumors with diploid chromosome 
modality were strain-specific; the heteroploid neoplasms exhibited varying 
degrees of genetic indifference with regard to their host requirements 
(table 3). This principle appeared to be independent of the tumor’s 
origin, transplantation history, virulence, and method of induction. For 
example, the diploid and tetraploid lymphomas #1 and #2, both induced 
in strain A females by irradiation with the same dosage, and carried 
through comparable numbers of serial passages in strain A mice (32), be- 
haved as follows: Both tumors were 100 percent lethal in the home strain. 
The tetraploid lymphoma #1 was easily “conditioned” to serial passage in 
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TABLE 3.—Inverse relationship between chromosome ploidy and compatibility in fourteen 
transplantable tumors 




















| 
. = Modal Foreign host strains allowing pro- 
Tumor and strain of origin | ploidy gressive (lethal) tumor growth 
DBA lymphoma (DBA/2)......... | 2n none of six tested 
6C3HED lymphoma (C3H/St)..... } 2n none 
TA3 carcinoma (A/He)............ 2n none* 
A-lymphoma 2 (A/He)............ 2n none* 
Yoshida sarcoma (Jap. stock rat)... 2n none 
15091la carcinoma (A/St).......... 4n DBA (31 %), all F; of genotype H-2¢/ 
H-s 
A-lymphoma 1 (A/He)............ 4n DBA (93%), (DBA/2 xX C3H)F; 
(100% 
MCI1M sarcoma (C3H)............ sub-4n A/He | (737%), A/St (71%), Swiss 
(73%) 
S91 melanoma (DBA/Jax)......... 4n BALB/c (80—-100%) 
HS1 sarcoma (Swiss).............. 4n C3H;/He, A/He, C57BL (up to 100%) 
Sarcoma 180 (Crocker mouse)...... 4n many strains (60—-100%) 
Sarcoma 37 (stock mouse)......... 4n many strains (usually 100%) 
Ehrlich carcinoma (stock mouse).. . 4n nine strains tested (100%) 
Krebs 2 carcinoma (Swiss)......... 4n | nine strains tested (100%) 
| 





*“*None” applies only to pure strains. The strain A tumors were able to grow in DBA X C3H hybrids of geno- 
type H-24/H-2*, which is equivalent to H-2¢* in the strain A mice. 


DBA/2 where it now causes a high percentage of deaths. The diploid 
lymphoma, although the more virulent, was nevertheless unable to grow 
in any of seven foreign genotypes tested, including DBA/2. Both tumors 
“took” in hybrids between C3H and DBA/2, which are genetically 
H-2*/H-2* and carry one dose each of the d and k components discovered 
by Snell (33) in the histocompatibility-2 locus of strain A. 

The wider transplantability of the tetraploid category was interpreted 
as resulting from disturbances in genic balance consequent to polyploidi- 
zation. Ina polyploid cell more than two loci are available for each gene, 
and allelic H-factors can function in dosages other than those to which 
they are restricted in a diploid, so that antigenic end-products no longer 
elicit protective antibody in adequate titer. Spontaneous and experi- 
mentally conditioned loss of specificity may, thus, be viewed as “immun- 
ologic selection” of the least antigenic types from among the viable 
chromosomal variants in a graft. 

This question was approached experimentally through exposure of host- 
specific diploid tumors to cold shock and colchicine with the aim of 
producing polyploidy, and thereby changing host-specificity. Although a 
pronounced c-mitotic effect was apparent shortly after treatment, doubling 
could not be stabilized and the tumors reverted to their characteristic 
diploid condition. 

Another and perhaps more critical approach is microisolation of single 
cells, followed by establishment of clonal sublines and comparison of their 
behavior. Of the few methods for single-cell transfer in vitro (34) or in 
vivo, the technique recently described by Ishibashi appears to be the most 
useful for this purpose, since it gave more than 50 percent takes with the 
Yoshida sarcoma ascites ($5). The Japanese technique, with minor 
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modifications, was tried in a preliminary experiment with the Krebs 2 
mouse carcinoma (figs. 2-4). This ascites is favorable for a selection 
experiment because of its heterogeneity. Chromosome numbers range 
from 34 to over 500; the cells are large, and growth is rapid. 

Sixteen infant Swiss mice, anesthetized by cold, each received an in- 
jection of one to four cells delivered intraperitoneally from a capillary 
pipette attached to an Emerson micromanipulator. In two of these mice, 
typical ascites developed 19 and 21 days after inoculation, and were 
established in serial passage as sublines A and B. It is not known whether 
these lines were derived from a single cell, but it is certain that not more 
than 4 cells were injected. A striking difference between the two sublines 
and the Krebs 2 stock tumor became apparent from exact chromosome 
counts (text-fig. 3). Distribution was considerably narrowed, and the 
modal value, formerly at 80 chromosomes, shifted to 75. A minor mode 
caused by quadrupling of the diploid set occurred at about 150 for the 
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TEXT-FIGURE 3.—Distribution of chromosome numbers in the Krebs-2 mouse carci- 
noma ascites and in two sublines of this tumor. Sublines A and B were derived 
from generation 81 of the K-2 stock by inoculation of 1 to 4 cells into infant Swiss 
mice. 250 well-spread metaphases were counted with a rare error not exceeding 
+1 chromosome. 
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sublines and at 160 for the stock tumor. The variations slightly to the 
right and left of 75 can be ascribed to nondisjunction and lagging, which 
would occur even if a single cell had been injected (36). 

It is highly interesting that both sublines, expecially B, were more 
virulent than the stock tumor (text-fig. 4, table 4). The cell types 


SERIAL PASSAGES OF K2-STOCK TUMOR 
81-85 86 87 88 & 90 91 92 
' 

















' t ' i ' ' t 
20- Pa 
be =x 
18k > 
3" 3 
6“ Xe 
| s 
_ 4 S 
| 8 
S al ‘ 
vy | x 
/0- .s 
Se | : 
= 
Ss 6} < 
> + P 
g .| é 
Zr 
4 aa/s2 #a/s2 
. ea i —_— i Le i l 
12 34 5 6 7 8 9 Wil # 


SERIAL PASSAGES OF K2-SUBLINE B 
derived from Ka-SSocK, pass.81 by transfer of /-4 cells, on July lb, '$2 


TEXtT-FIGURE 4.—Comparison of the virulence of Krebs-2 stock tumor and subline B, 
expressed as survival time. Abscissae for the two tumors are scaled according to 
days between successive transfers covering the period from August 4 to September 
18, 1952. 





TaBLE 4.—Comparison of survival time of mice inoculated with Krebs-2 ascites and two 
sublines derived from the stock tumor by isolation of 1 to 4 cells 








Mor- , 
: sacs ; Mean survival 
Tumor tine tality | Distribution of Standard! (SE 
(percent) y (days) 
K-2 stock. .} 100 multi-modal 12.91 + 0.33 5. 92 Stock and A 0.4 
Subline A..| 100 bimodal 9.58 + 0. 72 5. 09 A and B 0.4 
(5 and 15 days) 
Subline B..} 100 unimodal 5.90 + 0.41 2. 92 Stock and B 4.2 
(5 days) 
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isolated from generation 81 were apparently held in check by other 
elements in the parental population, and in spite of their greater virulence 
were unable to displace competitive variants. 

The success of the Japanese workers, and our own initial results, 
promise that with sufficient perseverance true clonal sublines will soon be 
isolated from tumors of inbred strains. The cytologic, antigenic, and 
metabolic properties of such material should reveal the range and nature 
of differences within any one neoplastic population. This will permit a 
more critical appraisal of the mechanisms by which tumor grafts respond 
to experimental conditioning. * 
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3 Since these pilot experiments were reported at the Arden House Conference, critical inoculation of single cells 
gave successful results with two mouse ascites tumors, the Ehrlich carcinoma and the Krebs 2 anaplastic car- 
cinoma. Working with a 1:100,000 dilution of ascites in a medium consisting of 30 parts special mouse Ringer’s 
solution to 1 part cell-free peritoneal exudate, and using an Emerson micromanipulator at a magnification of 
200 X, I have recovered 19 tumor clones from 212 Swiss mice of both sexes within 16 to 25 days after intraperitoneal 
injection of a single Ehrlich or Krebs 2 tumor cell per mouse. The clones were cytologically more uniform and 
more virulent than the two stock tumors from which they were isolated. The controversial concept of stem-cells, 
from which each tumor propagates itself, appears to be a reality borne out by the preferential recovery of certain 


aneuploid chromosome numbers (mostly hypo-tetraploid), representing the most viable portion of the population 
curve. 
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PLaTE 49 
Figure 1.—Living cells of the diploid DBA lymphoma ascites, as seen with a dark- 


phase high-dry objective. 


FicurEs 2 anp 3.—Two fields of the tetraploid Krebs-2 carcinoma ascites photo- 
graphed with a dark-phase high-dry objective. (Same magnification as figure 1.) 


Figure 4.—Tetraploid Krebs-2 metaphase from an aceto-orcein smear, photographed 
with a dark-phase immersion objective. (This figure is reproduced from Hereditas 
38: 252, 1952 by permission of the editors.) 
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Discussion: Methods of Conditioning the Graft 


Moderator: Dr. M. K. Barrett, National Cancer Institute 


Dr. Virernia J. Evans, NaTionat CaNcER INstTITUTE, BETHESDA, Mp.: For the past 
two years Dr. Earle and I have been studying the cultivation of human skin, in collab- 
oration with the Naval Medical School’s Tissue Bank and the Naval Medical Research 
Institute. Two problems have been paramount, namely: the possible alteration of 
skin homograft response through use of tissue-culture techniques, and the growth of 
large, long-term cultures containing a mixed population of fibroblasts and squamous 
epithelial cells. We have been able to maintain together in culture predominant 
cellular elements of the skin for periods in excess of 18 months. One of the early 
difficulties encountered was the apparent overgrowth of the fibroblast population with a 
resultant relative diminution in the number of squamous epithelial cells present. In 
an effort to control this overgrowth we have attempted to find differential methods for 
selectively inhibiting the fibroblast. Cortisone, cortisone acetate, desoxycorticosterone, 
desoxycorticosterone acetate, vitamin E, and an incubation temperature of 32° C. 
have all given uniformly dismal results in permanently inhibiting mesenchymal ele- 
ments. At the suggestion of Dr. Dan H. Campbell, of the California Institute of 
Technology, it was decided to try specific inhibition of fibroblasts by using an anti- 
serum with antifibroblastic potential. Therefore, we have had prepared two antisera, 
one prepared from large cultures and totaling 25 grams of human skin element, which 
appeared morphologically to be predominantly fibroblastic, and one from human 
placenta. The former has demonstrated cytotoxic activity for all elements of human 
skin, leaving the impression that this material probably contained both fibroblastic 
and epithelial elements in its original antigenic state. However, the antiplacental 
serum seems to be more specific and we are now able to control fibroblastic proliferation 
to a limited degree in our mixed cultures of skin using this antiserum. It is hoped that 
in the near future we can make available large cultures of epithelial cells. 


Dr. C. Andrew Bassett, National Naval Medical Center, Bethesda, Md.* 


I should like to emphasize two points and raise a question. The first of these points 
is that large mixed cultures of both human epidermal and human dermal cellular ele- 
ments are now available for grafting purposes. The second is that these can be success- 
fully grafted to granulating surfaces and will take initially. The permanency and 
functional adequacy of these cells is currently being investigated. The question I 
should like to propose for consideration is this: Is there a possibility that ‘cultured 
cells” are more embryonal than the original donor cell and in such a state will persist 
for longer periods following grafting? Drs. Gaillard, Gey, and Greene have suggested 
that normal embryonic tissue may have altered homograft response. 


Dr. Hamilton Baxter, Royal Victoria Hospital, Montreal, Canada 


I greatly enjoyed Dr. Hauschka’s extensive review of various methods of condition- 
ing the graft, since it has given a detailed cross section of previous investigation. Our 
studies on homografting at the Royal Victoria Hospital in Montreal have been carried 
out exclusively on man.!' An attempt was made to obtain permanent survival of skin 
homografts in man by treating them as follows: 1) By storage at 4° C., 0° C., —20° 





* Present address: New York Orthopaedic Hospital, Columbia-Presbyterian Medical Center, New York 32, N. Y. 
1 Baxter, H., and ENTIN, M. A.: Experimental and clinical studies of reduced temperatures in injury and repair 
inman. Plast. & Reconstruct. Surg. 3: 303-334, 1948. 7 
41 
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C., and —78° C., for varying periods of time. 2) By repeated dosage of skin homo- 
grafts from the same donor to the same recipient. 3) By treatment of the recipient 
with various hormones. 4) Administration of X radiation to the skin graft after 
removal and just before grafting to the recipient. 

Refrigeration of homografts..—-Thirty-seven homografts were stored for periods of 
time extending from 8 to 308 days. Groups of these homografts were kept at the fol- 
lowing temperatures: 4° C., 0° C., —20° C., and —78° C. Loss of epithelium of 
these grafts, which was taken as the clinical sign of degeneration, became apparent as 
early as the fifth postoperative day and was delayed as long as the eighteenth day in 
one graft. Subsequent to loss of the epithelium, all the dermis sloughed at varying 
periods thereafter. Histologic studies of biopsies taken at intervals following grafting 
confirmed clinical observations and verified the conclusion that all homografts failed 
to survive permanently. 

Repeated dosage of homografis.»—Three patients received more than one homograft 
of skin from the same donor—two, three, and five grafts, respectively. In the second 
patient the first-set homografts survived for 5 weeks, the second-set for 4 weeks, and 
the third-set for 3 weeks. The third patient received the most prolonged study of 
the series in that fresh homografts from the same donor were sutured to a freshly 
denuded raw surface, from which a contracted burn scar had been excised. This was 
repeated at weekly intervals. The first-set homograft survived for 12 days and subse- 
quent grafts were lost with increasing rapidity, so that the fifth-set was lost on the 
fifth day. It was interesting that in spite of repeated administration of homologous 
skin from the same donor, the patient showed no obvious clinical signs of sensitization. 

Treatment of recipient with various hormones.—Four homografts of skin were applied 
to three patients receiving approximately 100 mg. of corticotrophin daily. Therapy 
with the hormone was delayed until 15 days after the application of one homograft, 
started on the same day as skin grafting on two occasions, and in the fourth graft 
pretreatment with hormone was started 6 days before the homograft of skin was applied. 
In this way the timing of the effect of ACTH on the homografts was varied, so that 
possible differences in reaction during the stages of healing of the grafts could be ob- 
served. In one instance the major blood groups and Rh factor of the donor and recip- 
ient of the graft were completely compatible, but the homograft sloughed in the cus- 
tomary fashion. In all patients, autografts of skin were applied at the same time. 
These took successfully, and a sequence of biopsies at weekly intervals, commencing 
on the seventh postoperative day, revealed that inflammatory and degenerative changes 
became evident in the homograft as early as 7 days postoperatively, while the auto- 
grafts progressed to normal healing.‘ 

To study the effect of cortisone,’ another patient was pretreated with 200 mg. of 
this hormone daily for 7 days and postoperatively for 24 days. A thin homograft 
(0.008 inches thick) was sutured on a large granulating surface, and an autograft from 
the patient was applied to the granulating area as a control, on the same day. The 
homograft began to lose its epithelium on the eleventh day, and had practically dis- 
appeared by the seventeenth day postoperatively. 

Because of the great dilution of orally or intramuscularly injected hormones, it 
was thought worth while to study the effect of Compound F injected beneath the 
freshly applied skin graft. Two patients were treated with this hormone. In one, 
after the homograft had been sutured to its bed, Compound F was injected copiously 
beneath the graft and the usual pressure dressing was applied. The epithelium began 
to separate two weeks later and the dermis sloughed shortly afterward. In the 
second patient this hormone was again injected copiously beneath the graft at the time 


3 Baxter, H., and ENTIN, M. A.: Clinical study of the fate of homografts in man. Effect of repeated dosage 
from same donor and of refrigeration on these grafts. Am. J. Surg. 81: 285-294, 1951. 

3 BAxTER, H., ScHILLER, C., and WuITEsIDE, J. H.: The influence of ACTH on wound healinginman. Plast. 
& Reconst. Surg. 7: 85-99, 1951. 

4 Baxter, H., Scotter, C., WHITESIDE, J. H., Lipsuvtz, H., and StRaitu, R. E.: The effect of ACTH on the 
survival of homograftsin man. Plast. & Reconst. Surg. 7: 492-504, 1951. 

§ Baxter, H., ScHILLER, C., WHITESIDE, J. H., and RANDALL, R. E.: Use of ACTH and cortisone in surgery. 
Am. J. Surg. 83: 374-378, 1952. 
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of operation and a pressure dressing was applied. Although there was some delay 
in healing of the graft, 14 days later it appeared quite healthy and it was considered 
safe to continue subcutaneous injections of hormone. Accordingly, 1 cc. of this 
hormone was injected as evenly as possible beneath an area of the homograft approxi- 
mately two inches square, the remaining part of the homograft receiving only the 
application of hormone at the time of skin grafting. Then 1 cc. of hormone was 
injected beneath this part of the graft at weekly intervals after the fourteenth day 
until the entire graft was sloughing rapidly. Therefore, it appeared that very high 
concentrations of the hormone, which is much less soluble than cortisone and pre- 
sumably would remain in situ for a number of days, did not materially prolong the 
life of the treated part of the homograft. 

X radiation of skin graft.—In three patients, after homografts had been removed 
from the donor they were wrapped in sterile covering and one-half the graft was 
treated with X radiation, while the other half was completely sealed by lead plates. 
One patient received two homografts exposed to 1,500 r and 3,000 r, respectively. 
The second patient’s homograft was given 3,000 r, while the third patient’s graft was 
given 4,500 r. The irradiated portion of these homografts took almost as well as the 
control or unexposed portion. The subsequent course of these grafts was recorded 
by means of serial biopsies and color photographs that confirmed the clinical impres- 
sion that treatment with X radiation in no way prolonged survival of the treated 
part of the homograft. 

Summary.—lIt is quite apparent that these four methods of treating skin grafts in 
man did not prolong their survival, and offer no solution to the problem of obtaining 
permanent survival of skin homografts in man. 


Dr. Bassett 


At the Tissue Bank we have stored homogenous skin in a nutrient medium consisting 
of 10 percent pooled human serum and 90 percent balanced salt solution (Earle’s) 
maintained at a temperature of 3° C. When so stored, skin may be demonstrated to 
maintain viability for periods in excess of 3 months. In a total of approximately 70 
grafts of this material there was no indication that the survival period was increased 
over the usual 3- to 5-week period. 


Dr. Talmadge Buchanan, University of Virginia, Charlottesville, Va. 


In reply to Dr. Medawar’s question as to whether or not the survival of autogenous 
skin transplants prepared and utilized by the freeze-drying technique persisted longer 
than homografts similarly prepared, the answer is No. In my experimental and 
clinical use of these transplants, it has been shown that the survival time or period of 
persistence isthesame. The grafts do not become stromatized or vascularized. 


Dr. J. Walter Wilson, Brown University, Providence, R. I. 


One important cytological feature of Dr. Hauschka’s observations has not been 
emphasized, that is that cells with abnormal chromosome complements continue to 
divide and thrive. It has been a biological dogma, based on Boveri’s polyspermy 
experiments, that a somatic cell must have at least one complete set of chromosomes 
in order to maintain itself. It seems very unlikely that cells with reduced numbers of 
chromosomes derived from abnormal mitotic figures should receive a normal set of 
chromosomes. We have seen similar phenomena in mouse liver. I therefore think 
that it is possible that differentiated somatic cells can maintain and reproduce them- 
selves without a normal set of chromosomes. 
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Conditioning of the Host ! 


HE Lene Wa.tace Too.an, Pu.D., Sloan-Kettering 
Institute, New York, N. Y. 


One of the methods used in investigating the dynamics underlying 
transplantation of tissue from one animal to another, has been the con- 
ditioning of the graft recipient so that its aggressive reaction toward a 
foreign tissue implant is reduced; a subsequent enhanced or permanent 
survival of the graft ensues. Considerable literature on the subject has 
now accumulated but, unfortunately, it is often confusing, for the means 
employed to alter the host resistance have been varied, the rationale on 
occasion obscure, and the results often difficult to interpret. Further, 
not all of the procedures are strictly comparable, for some appear to have 
achieved their effect merely by supplying a relatively better nutritive 
substrate for the implant while others have induced a true change, either 
temporary or permanent, in the host constitution. The present report 
is a review of the literature to date with emphasis on the principal methods 
of conditioning the host to a foreign tissue graft now employed by in- 
vestigators in the field. An attempt will be made to relate the procedures 
where it seems possible. 


Diet and Hyperemia 


Since diet and hyperemia produce comparatively little genuine altera- 
tion in the inherent resistance of a host to a foreign implant, this subject 
will be treated first and briefly. It has long been accepted as an axiom 
that weak and undernourished animals are poor hosts for either spon- 
taneous or transplanted tumor growth (1-4). As a corollary, some early 
investigators noted that animals fed on special diets were more susceptible 
to transplanted neoplasms. Van Alstyne and Beebe (5), for example, 
reported that a sarcoma of the Buffalo rat grew better when the hosts had 
been fed and were kept on a high-lactose carbohydrate diet, a finding 
which Woglom (6) was unable to confirm. More recently work on diet 
and tumor growth has concerned itself mainly with the need for adequate 
caloric intake and protein levels for tumor growth, the stimulatory effect 
of a high-fat-content diet on the incidence of spontaneous tumors and on 
the induction of neoplasms by carcinogenic agents (7-10), and the relation 
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of certain vitamins, especially those of the B complex, to tumor incidence 
(11, 12). It has been learned that animals on a diet deficient in choline 
are very susceptible to neoplasms of the liver (13, 14), while numerous 
papers confirm the finding that riboflavin exerts an inhibitory influence 
on the formation of neoplasms induced by choline deficiency (15) and of 
hepatomas induced by feeding of the azo dyes (16). Literature on the 
relationship of these factors to transplanted tumors is limited. 

Hyperemia of the implantation site has also been considered as stimula- 
tory to tumor growth and, conversely, anemia as inhibitory (17, 18). 
Related to this observation may be the finding of Wallace et al. (19) that 
subcutaneous methylcholanthrene-induced tumors as well as a trans- 
plantable sarcoma of strain C3H mice, implanted subcutaneously, grew 
better and more rapidly in C3H mice kept in a room at a constant tem- 
perature of 92° F. than in litter mates kept at 65°. The authors stated 
that the constant vasodilatation of the blood vessels in the warm room 
might have provided an exceptionally optimal graft bed and thus ac- 
counted for their results. 

It is again stressed that both adequate nourishment and an increased 
blood supply at the implantation site merely offer the most favorable con- 
ditions that can exist in a given resistant host. Growth enhancement of a 
graft in such a situation is not comparable to stimulatory effects obtained 
in the experiments now to be described, wherein the inherent resistance of 
the graft recipient has been affected. 


Desensitization 


It would seem that one of the most obvious approaches to the problem 
of promoting or prolonging graft growth would be an attempt to desensi- 
tize the host, yet comparatively few investigators have employed this 
method as such, though some of the results obtained in the work now 
being done with growth factors may be desensitization phenomena. 
Baetzner and Beck (20) in a short note stated that prior treatment of a 
recipient with repeated injections of serum and tissue extracts from the 
donor enhanced subsequent growth of skin, “inner organ,” and cartilage 
grafts. It was the authors’ theory that antibodies are produced against 
the foreign material which are more easily attached to the serum and ex- 
tracts than to the grafts; the latter are then less inhibited than similar 
grafts placed in control hosts. Rohde (2/), in contrast, found that treat- 
ment with blood plasma or serum, skin extracts or autolysates, in- 
creased rather than lowered resistance to skin homografts. In a series of 
unpublished experiments in our own laboratory our findings agreed with 
those of Rohde, for repeated injections of fresh tissue suspensions from or- 
gans and skin of the inbred strain of C3H mice rendered inbred strain A 
hosts completely resistant to a subsequently implanted C3H mammary 
carcinoma. In the control strain A mice, the C3H tumor took uniformly 
and grew progressively for 10 to 12 days before regression. Similar injec- 
tions of cell suspensions from C3H mice into heterologous rat hosts pro- 
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duced results analogous to those obtained in the treated strain A mice. 
Usually, in untreated rats, a few identifiable mouse cells may be found for 
4 to 7 days after implantation, a finding true for the control rats of these 
experiments. In the treated hosts, however, no mouse cells could be 
found on the fourth day. One of our observations was that even 
X-irradiated rats and strain A mice became completely resistant to the C3H 
carcinoma when they had been treated with C3H cell suspensions con- 
comitantly with the X irradiation, prior to implantation of tumor. The 
possible significance of this finding will be discussed later in the section 
on irradiation. It is noteworthy that when the injections of cell suspen- 
sions were given after the implantation of the tumor, regression of the 
latter was delayed slightly in the homologous mouse hosts; there was also 
some indication that growth was prolonged in the X-irradiated rats. 

Very recently, a report was published by Allen and co-workers (22) on 
the effect of desensitization of donor skin on the survival of skin homo- 
grafts in rabbits. These investigators found that rabbits, injected with 
antigenic material prepared from the skin of a rabbit, subsequently sup- 
ported skin homografts three times as long as control animals. The 
addition of ACTH to the antigen or the use of ACTH alone had no effect. 
After the grafts finally sloughed, intravenous injections of a specific skin 
antigen into the host animals caused anaphylactic shock and death—an 
observation supporting the role of an immune reaction in the failure of 
homograft survival. 


The experiments just described which smut to desensitize the graft 
host are probably closely allied to the later work done by investigators who 
are interested in ‘growth factors,” a subject that will be discussed next. 
As the latter workers have pointed out, the host-tissue relationship and the 
dosage of material given are highly important in the interpretation of ex- 
perimental results. Such considerations may account for the conflicting 
results obtained in the desensitization experiments. 


Growth Factors 


One of the most interesting methods of enhancing the growth of tissues 
in a foreign host has been the conditioning of recipient animals, prior to 
grafting, with a so-called “growth factor.” The nature of these stimulat- 
ing substances, even the question of whether they are the same or separate 
entities, is as yet undetermined though the first report of such a factor 
occurred as far back as 1907. At that time, when investigators were 
first working on the possibility of producing an immunity to transplanted 
tumors by the injection of nonliving material, Flexner and Jobling (23) 
observed that an emulsion of the Flexner-Jobling sarcoma of the rat, 
previously heated for an hour and a half at 56° C. and then injected into 
rats, caused these animals to be hypersusceptible to a graft of sarcoma 
implanted 10 to 30 days later. The tumors grew more rapidly and larger 
in treated animals than in control rats. No such effect was obtained 
with an unheated tumor emulsion, with bouillon, blood serum, or Ringer’s 
solution. If the injections were repeated one or two times at intervals 


Vol. 14, No. 3, December 1953 








748 PROCEEDINGS OF THE 


of 10 days, the growth and persistence of the tumors was still further 
increased. Injection of the heated emulsion 24 hours after the implanta- 
tion of the sarcoma did not produce the enhancement. In a second paper 
by these authors (24), they reported the results of testing possible growth- 
stimulating potentialities of sera from normal and immune rats (animals 
in which the tumor had regressed) and of heated and unheated emulsions 
of liver, spleen, kidney, muscle, and testicle. None were effective; 
instead they appeared to increase the host resistance. Studies were also 
made on immune hosts. When immune rats were treated with the heated 
tumor emulsion and 10 days later implanted with the sarcoma, it was 
found that tumors developed in 30 percent of the animals. They grew in 
only 9 percent of untreated immune hosts but in 100 percent of non- 
immune control rats. An interesting experiment is reported on a series 
of immune rats that had been injected with heated emulsion prior to 
their first tumor implantation. After these tumors had regressed, the 
now presumably immune animals were divided into two groups: one 
received a second injection of the heated emulsion, the other did not. 
All of them were implanted a second time with the sarcoma. The tumor 
grew in 30 percent of both groups. This was the same percentage as in the 
group of immune rats that were treated for the first time prior to their 
second implantation. It would seem from these results, that 30 percent 
of all the rats treated were affected in such fashion that they were per- 
manently susceptible to repeated implantations of the tumor. In 1910, 
Jobling (25), using a carcinoma of the rat, repeated and confirmed his 
previous work on the sarcoma. He noted again that emulsions of heated 
and unheated liver, unheated spleen and tumor, induced resistance 
rather than susceptibility in the hosts. In this same year, Bashford and 
Russell (26) reported that a mouse tumor (#199), “disintegrated” by 
pounding in a mortar with ice, did not produce growths when injected 
into the usual mouse hosts but instead induced a hypersensitivity to a 
later graft of this tumor. Haaland (27), not distinguishing between 
the use of normal and malignant tissue, also reported that injections of 
killed cells made treated animals susceptible to the Bashford carcinoma 63. 
It was in this paper that his frequently quoted statement was made to 
the effect that only living cells could induce resistance to cancer. Leitch 
(28), in the same year, used a strain of mice in which the Bashford car- 
cinoma regularly grew in only 33 percent of the animals and found that 
prior treatment of the mice with an emulsion of cells of Bashford tumor, 
previously frozen and apparently nonviable, raised the number of success- 
ful implantations to 78 percent. 

After this early series of papers very little appeared on the subject of a 
growth-promoting factor for tumor transplants until 1924 when Chambers 
and Scott (29, 30) reported that they had autolyzed the Jensen sarcoma 
of the rat at 42° C. in a toluene-saturated solution and obtained a clear 
fluid with only a trace of protein; this fluid, if inoculated into rats, made 
them hypersusceptible to the Jensen sarcoma of the rat. The authors 
felt that the vital substance was a nonliving, fairly stable, chemical body, 
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possibly related to the growth-promoting substances in the embryo ex- 
tracts used for tissue culture (31, 32). 

In the early 1930’s, the first of a series of papers appeared by Casey and 
co-workers (33) on an enhancing substance that he has called the “XYZ” 
factor. Material prepared from a saline suspension of Brown-Pearce 
rabbit tumor, which had been anaerobically refrigerated for 2 weeks 
or longer, was injected into rabbits that were implanted 2 weeks later with 
fresh Brown-Pearce tumor. One hundred percent of the treated animals 
developed tumors, whereas 68 percent of the controls showed growth. 
The rate of tumor growth was also enhanced and the incidence and 
number of metastases as well (34). The factor was species-specific 
(35-37) for it did not enhance the Bashford carcinoma in mice nor did the 
material prepared in similar manner from the Bashford tumor affect the 
Brown-Pearce carcinoma or even the homologous Sarcoma 180, a mouse 
sarcoma, though it was effective for the tumor of origin. Rabbits, treated 
with the XYZ factor, remained hypersusceptible for as long as 7 months 
(38). About this time (1934) Spadafina (39) noted the presence of an 
enhancing factor for the Ehrlich carcinoma in a filtrate of this tumor, and 
shortly thereafter Casey (40) reported that a cell-free filtrate of the 
Brown Pearce carcinoma was as effective as the unfiltered, heated tissue 
emulsions in promoting growth of this tumor. Further work on the 
XYZ factor has indicated that it withstands drying and is thermolabile 
(56° C.) (41), differs from the spreading factor of Duran-Reynals (42), 
is not present in filtrates of the testicle or spleen of normal rabbits or 
rabbits injected with the factor (43), and cannot be recovered from 
filtrates of fresh tissue of Brown-Pearce tumor (44). It has been sug- 
gested by Casey and co-workers that the XYZ factor must be bound 
in fresh tissue but activated by freezing. Two recent papers by this 
group of investigators, on the XYZ factor in the E0771 carcinoma of the 
mouse, have pointed out that the growth substance is equally effective in 
various strains of mice as long as the tumor cells are viable in the hosts 
tested (45); and they have also made the most interesting observation 
that E0771 carcinomas from animals treated with the XYZ factor main- 
tained their enhanced growth rate for at least six passages in untreated 
hosts (46). The authors suggest that this increase in growth rate is due 
either to a mutation in the tumor or to a variation induced by the XYZ 
treatment. 

A group of workers at the Jackson Memorial Laboratory have reported 
(47) that transplantable tumors of the mouse could either be stimulated 
or inhibited by multiple prior injections of lyophilized tumor tissue, de- 
pending on the relationship of the tumor and stocks employed. When 
mice of strains C57BR, C57BL, or BALB/c were treated with 21 intra- 
peritoneal injections of lyophilized strain A carcinoma 15091a, a sus- 
pension of fresh tumor cells subsequently implanted grew progres- 
sively until death of the hosts, though in control animals only small 
nodules appeared which soon regressed. However, when C57L mice 
were given 21 intraperitoneal injections of lyophilized strain C57BL 
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myeloid leukemia C1498, injections of fresh tumor failed to grow in 
54 percent of the animals; none of the controls were negative. The authors 
explain that the diverse results obtained are due to the complexity of the 
genetic basis for tissue specificity. They suggest, in a second paper (48), 
that there are at least four variables which may produce numerous com- 
binations: a) the tumor used as lyophilized tissue; b) the tumor used as 
fresh tissue; c) the host strain; and d) the dosage of lyophilized tissue. 
Using nine tumors and seven different strains of mice, they obtained 
results varying from almost complete inhibition to strong stimulation, 
depending on the host-tissue combination. They also report that the 
dosage is highly important. 

Kaliss and co-workers (49, 50) have also used lyophilized tissues and 
with this type of material found a substance in normal tissues of the mouse, 
as well as in tumor, that would enhance the growth of a tumor homotrans- 
plant in strains of mice in which it would ordinarily regress. The tumor 
used was the spindle-cell carcinoma 15091a from strain A mice and the 
hosts were C57BL and C57BR mice. The enhancing substance was not 
present in an ultrafiltrate of fresh tumor (51). These investigators feel 
that their enhancing material is similar to the XYZ factor of Casey and 
state that the reason Casey was unable to find this factor in testis and 
spleen extracts of normal rabbits was probably due to a genetic difference 
between the tumor and these tissues. Kaliss and Newton (52) also noted 
that the quantity of lyophilized tissue used for conditioning the host was 
of prime importance since small doses caused inhibition of tumor, large 
doses an enhancement, and intermediate amounts apparently no effect. 
An interesting finding of Kaliss and Molomut (53) was that tissue antisera, 
prepared by the injection of spleen, kidney, and tumor 15091a of strain 
A mice into rabbits, also appeared to possess an enhancing factor, for such 
sera injected into C57BL mice produced a marked stimulation in the 
growth of two strain A tumors in those mice. Recently Kaliss and Spain 
(54) reported that prior injections of lyophilized tissues of the mouse ap- 
peared to have some effect on the survival of normal tissue grafts as well 
as on tumor, since spleen survived for 3 months in 25 to 40 percent of 
treated male mice while none remained alive in the controls. This is an 
observation of possibly considerable significance to clinicians working with 
grafts of human skin. In a summary of his observations to date, Kaliss 
(55) postulated that the effect of any of the so-called “‘growth”’ factors is on 
the inherent resistance of the host, either leading to its increase or decrease. 
Thus, it is not correct to speak of “stimulation” of a tumor for, in view of 
the experimental results obtained, two factors would then have to be 
involved, one stimulatory, the other inhibitory. 

Finally, discussion of the growth factors would not be complete without 
mention of the work of Cloudman (56) and Law (57) who found that 
resistance to certain transplanted tumors was reduced by foster nursing 
of the refractory mice by mothers of a susceptible strain. 

In summary, the question of just what the growth factor or factors are, 
remains unanswered. Whether it is an enzyme or catalyst as suggested 
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by Chambers and Scott (30), a virus, a submicroscopic particle similar to 
the one reported by Kidd (58, 59) as a constituent of the Brown-Pearce 
tumor cell, or whether it is an expression of individuality differentials 
applying to both normal and malignant tissues as held by Kaliss (50) and 
Snell (60) remains to be discovered. 


Vital Staining 


One of the well known but comparatively little used methods for lower- 
ing host resistance to tumor grafts has been the employment of vital dyes. 
Ludford (61, 62) injected mice with both trypan blue and vital red, and 
also with inorganic colloids prior to an implantation of mouse carcinoma 
63, and reported that both natural resistance and that induced by embryo 
skin were lowered. It was his theory that the dyes and colloids over- 
loaded the reticuloendothelial system which he believed was associated 
with the host’s aggressive reaction toward an implant. Foulds (63) gave 
rabbits 4 to 6 injections of trypan blue before an intravenous injection of 
Brown-Pearce tumor cells and found that the incidence of tumors in the 
spleen, lung, and liver was increased. Saphir and Appel (64) also worked 
with rabbits and noted that ‘‘takes” from an intravenous injection of 
Brown-Pearce tumor cells occurred in 7 of 9 immune animals previously 
treated with prolonged intravenous administration of trypan blue. Ander- 
vont (65, 66) observed that prior injections of trypan blue destroyed an 
acquired resistance to Sarcoma 180 of the mouse and that the resistance of 
vitally stained strain D mice was lowered to such an extent that strain A or 
strain C3H tumors that ordinarily regressed grew progressively and went 
through several passages in them. He also found that tumors induced 
by a carcinogen appeared earlier in treated animals than in controls. 
Recently, Cohen and Cohen (67) have reported that when rats in which a 
transplanted hepatoma had a high percent of regression were either treated 
with trypan blue or X irradiated, their regressing tumors again began to 
grow, killing the animals. The authors stress that the effects of trypan 
blue and X irradiation are analogous. However, it is not certain that 
this conclusion is justified, for both Saphir and Appel, and Andervont, as 
well as Ludford, have indicated that trypan blue breaks down resistance 
in the immune host, while investigators working with irradiated animals 
do not always report this finding. 























X Irradiation 


The pioneer work of Murphy (68) on X irradiation of hosts, in order to 
make them hypersusceptible to implantations of homologous and heter- 
ologous tissue, is so well known that it will be summarized here rather 
briefly. Murphy contended that the lymphocyte was the embodiment of 
resistance to foreign tissue and that any procedure that would reduce these 
cells would enhance inversely the survival of transplants. The principal 
procedure he employed to eliminate the lymphoid tissue was X irradiation 
and, using this means, he reported that positive results in homologous 


Vol. 14, No. 3, December 1953 








752 PROCEEDINGS OF THE 


transplantation were increased, i.e. that tumors that ordinarily would re- 
gress grew progressively until death of the host (69), that immunity to 
homologeous neoplasms could be overcome (70), and that heterologous 
transplants of the Ehrlich carcinoma of the mouse could be effected in rats 
even though the tumors eventually regressed (71). At no time did 
Murphy consider that the lymphoid cell might be just one factor in an 
over-all immune response. He looked upon these cells as an immediate 
defense against the foreign material, as is shown by his papers on local 
irradiation (72) and heat application (73) as a method of increasing or 
decreasing the cellular response in limited areas that were then resistant 
or susceptible to the grafts. 

Other workers since Murphy have reported that resistance to homol- 
ogous tumor grafting is broken down by prior irradiation of the host (74- 
77). Mottram (78) has noted also that rats immune to the Jensen sar- 
coma of the rat could be rendered susceptible by such treatment; his re- 
sults are thus similar to those obtained by the investigators using trypan 
blue. Clemmesen (79) has supported the finding that tumors could be 
successfully transferred to X-irradiated heterologous hosts by his serial 
passages of Sarcoma 180 in X-irradiated rats. He pointed out, however. 
that acquired immunity toward heterologous grafts could not easily be 
broken down by irradiation, for he was unable to implant Sarcoma 180 
successfully in rats in which this tumor had previously grown and regressed 
even though the hosts were irradiated prior to the second implantation 
(80). He considered that the effect of X irradiation on heterologous 
grafting was to delay the immune response, which, once present, was radia- 
tion-resistant. This was the same conclusion reached by Dempster et al. 
(81) who worked with noninbred homologous hosts and found that the 
survival of skin homotransplants in rabbits was prolonged by prior X 
irradiation of the hosts, but that survival of a second set of grafts from the 
same donor was not affected by a second prior irradiation. The authors 
suggested that there might be two factors involved in the host reaction: 
the first, a highly radiosensitive receptor, which initiates the immune 
response; and the second, the effector, which manufactures antibody and 
is radioresistant. In relation to these findings, the work of Bichel and 
Holm-Jensen (82, 83) on parabiosis and resistance to transplantation may 
be noted. These investigators reported that two tumors of the mouse that 
grew temporarily in X-irradiated rats could not be implanted successfully 
in X-irradiated animals joined parabiotically with nonirradiated hosts. 
The authors concluded that humoral factors must be responsible for 
determining resistance. 

In our own work (84), we have found that a large percentage of human 
tumors, especially epidermoid carcinomas (received fresh and uncon- 
taminated from the operating room), can be grown successfully and 
transferred serially in X-irradiated rats, mice and hamsters. Weanling 
rats, 25 to 35 days of age, have proved the most suitable of the hosts 
tested, for implantations of minced human tumor suspensions placed in 
these young hosts become well vascularized and grow rapidly for 14 to 


Journal of the National Cancer Institute 





TISSUE TRANSPLANTATION CONFERENCE 753 


20 days before regression occurs (figs. 1 to 9). This is a period long 
enough to be of practical value in testing various oncolytic agents (85). It 
is of interest to note that X-irradiated, newborn, nursing rats which are 
highly resistant to irradiation effects, have proved to be poor hosts for 
the human tumors. In X-irradiated weanling animals, the neoplasms 
actually seem to grow better than in the original human hosts, possibly 
because necrotic cells present in the graft are removed rapidly by the rat 
phagocytes and only the most vigorous and “healthy” cells remain. This 
observation, that growth of the human tumors in irradiated animals is 
unusually active, is borne out by the comparative ease with which the 
tumors of humans grown in the rat are propagated in tissue culture and on 
the chick membrane (figs. 10, 11), while the original tumor either fails to 
proliferate or grows poorly. The human neoplasms have retained, at all 
times, their particular morphology. We also have been able to grow, and 
transplant serially, nonmalignant human tissue such as skin (86) and 
colloid goiter in X-irradiated animals, an indication to us that the deter- 
mining factor for successful heterologous transplantation is not the auton- 
omy of the tissue used as a graft, but rather the diminution of resistance 
of the heterologous host—in this instance, by previous irradiation. It 
should be noted that the irradiated animals in which six different thyroid 
goiters were grown, had intact thyroids of their own. 

In agreement with Clemmesen and Dempster, we have found that rats 
in which the human tumors have regressed are not made susceptible by 
a second irradiation to another graft even though the lymphoid count is 
drastically reduced. We also have been unable to prolong the survival 
of transplants by small doses of radiation during the period the graft is 
being supported. Finally, as has been previously noted, we have found 
that X-irradiated rats and even strain A mice are resistant to grafts of 
a carcinoma of strain C3H mice if, during the irradiation period, the 
hosts have been treated with repeated injections of cell suspensions from 
normal C3H organs and have thus become immune to C3H tissue. We 
have not as yet tested the effect of treatment with trypan blue on the 
resistance of such hosts. 


ACTH and Cortisone 


Recently the adrenal hormone, cortisone, and its related pituitary 
hormone, ACTH, have been employed to modify host resistance. Unlike 
the procedures that have been reviewed, use of these two substances has 
appealed more to the clinician than to the laboratory investigator as a 
possible practical means of promoting the ‘takes’ of homologous skin 
grafts. Since this is a subject which is being discussed elsewhere at these 
meetings by Dr. Longmire, it will be touched on but briefly for the 
purpose of continuity. 

Early observations indicated that cortisone inhibited all the elements 
of granulation tissue (87), delayed wound healing (88), decreased cir- 
culating antibodies (89), and modified sensitivity reactions (90). When 
Whitelaw (91) reported that treatment with ACTH had caused survival 


Vol. 14, No. 3, December 1953 








754 PROCEEDINGS OF THE 


of skin homografts in a patient with severe burns, surgeons and laboratory 
workers alike were stimulated to test the effect of the two hormones on 
skin homografting. Conflicting reports have ensued. 

As has already been noted, Allen and co-workers (22) were unable to 
prolong the survival of skin homografts in rabbits by use of ACTH, a 
finding corroborated by other investigators (92-95) using ACTH and 
cortisone on laboratory animals, and by clinicians (96-98) employing 
these two hormones on patients with skin grafts. Billingham et al. (99), 
however, have reported that daily injections of cortisone lengthen the 
life of skin homografts in rabbits by a factor of three to four, and they 
have pointed out that similar beneficial effects can be obtained by entirely 
local application of the hormone (100). Maumenee (101) has observed 
that administration of cortisone can prevent clouding of corneal grafts 
in rabbits. It is his opinion that clouding in corneal transplants is an 
allergic response prevented by the cortisone. 

Comparatively little work has been done on the use of either ACTH or 
cortisone to enhance tumor transplantation in animals, possibly because 
early reports indicated that these substances inhibited growth of estab- 
lished tumors (102, 103). Three papers (104-106) have appeared which 
report that transplantable tumors of mice that would ordinarily regress 
or do poorly have grown progressively in the homologous hosts treated 
with cortisone. In one of these publications, Foley (106) noted that the 
progressive growth under the influence of cortisone treatment was limited 
to certain tumors in certain strains of mice, again a matter of host-tissue 
relationship. He also reported that when CF, mice were immune to the 
lymphosarcoma 6C3HED after growth and regression of this tumor in 
them, the immunity could not be broken down by cortisone treatment. 

An interesting finding is that of Agosin et al. (107) who noted that 
cortisone arrested the local growth of a transplantable mammary carci- 
noma in strain C3H mice thus allowing a long period of survival during 
which metastases, which never occurred in untreated animals, became 
numerous. The interpretation of this finding is left open. It would 
seem that the metastases probably occurred as a result of the lengthened 
life of the treated animals, while the inhibition may have been related to 
an alteration in the stromal substrate unfavorable to local tumor spread— 
possibly a necessary factor for continued “healthy” growth. 

At the present time we are in the process of testing the effects of cor- 
tisone on the growth of human tumors in heterologous hosts. Our 
experiments are unfinished and the interpretations thereof vastly com- 
plicated by the many known side effects of this hormone. We feel that 
such tactors as the delay in inflammatory response (108, 109), the relative 
impermeability of blood vessels (110, 111) the inhibition of hyaluronidase 
(112), and alteration of the connective-tissue substrate possibly by re- 
moval of SH groups (113, 114) have such considerable effects on graft 
survival from its earliest “take” through the period of established growth 
that it is difficult to evaluate just what the cortisone may be doing to 
counteract either the natural or immune resistance. It may be said, how- 
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ever, that X irradiation and cortisone appear to be synergistic, a finding 
which Syverton et al. (115) have reported in the production of lethal 
infections, for the human tumors are growing more rapidly and with a 
higher percentage of ‘‘takes” in X-irradiated animals treated with corti- 
sone than in those X irradiated alone. There is also indication that 
tumors grow better in nonirradiated animals treated with cortisone than 
in the hosts X irradiated alone. At this date most of the enhancing 
effect of the cortisone seems to be due to an alteration of the initial natural 
resistance of the rat hosts, possibly, as mentioned, by its profound effect 
on the substrate provided, rather than on an acquired immunity. 


General Considerations 


It has not been possible to review in a limited time all the many factors 
associated with stimulation of graft growth. The large literature on the 
relation of endocrine factors, other than cortisone and ACTH, to tumor 
growth which has been reviewed extensively by Gardner (116) and Selye 
(117) will not be discussed here. The related problem of Halsted’s law 
(118, 119) that an endocrine organ is more likely to be successfully trans- 
planted when a deficiency of its particular secretion exists, bears note, in 
view of our finding that human thyroid not only survived in X-irradiated 
rats but also proliferated and appeared histologically active, even though 
the host thyroids were intact. Papers by Turner (120, 121) and Wood- 
ruff and Woodruff (122) have indicated that it is not directly the deficiency 
of the endocrine tissue which insures survival of the implant but rather 
the secretion by the pituitary of trophic hormone which in turn stimulates 
the graft. Further studies will have to be done with transplantations of 
endocrine organs into X-irradiated rats before any generalizations can be 
made on the pertinency of our findings to Halsted’s dictum. 


Summary 


In summary, the experiments herein reviewed indicate that host 
resistance to foreign tissue implants can be reduced by various means, 
the rationale for which is not always clear though the over-all pattern 
presented is one of interference with an immune response of the host. 
X irradiation and cortisone may reduce both the natural resistance by 
alteration of the host connective tissue substrate and the acquired im- 
munity by delay of antibody response. The total effect is probably a 
sum of diverse actions on the treated animal rather than one simple 
effect. Trypan blue and inorganic colloids appear to act by interfering 
with the acquired immunity, possibly by overloading cells responsible for, 
or related to, antibody production. They have not been tested on heter- 
ologous hosts so their effect on natural resistance is unknown. Finally, 
it would seem that the “growth factors’ represent antigenic substances 
which cause an expression of the genetic elements comprising tissue 
specificity and therefore enhance or reduce resistance on the basis of 
host-tissue relationships. 
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PLATE 50 


Figure 1.—Human epidermoid carcinoma, metastatic to neck. Original tumor, 
used for implantation in X-irradiated animals. Note necrotic area (arrow). X< 140 


Ficure 2.—Same tumor as figure 1, 14 days after subcutaneous implantation as a 
suspension of minced tissue in the flank of an X-irradiated rat. There are no areas 
of necrosis. X 140 


Ficure 3.— Magnification of figure 2 showing numerous mitotic figures (arrows). 
xX 550 


Figure 4.—Same tumor as in figure 1, growing in another X-irradiated rat, 14 days 
after implantation. A blood vessel of the host (arrow A), entering the edge of 
the tumor, has adjacent mitotic figures (arrows B). There is no reactive tissue 
about the growth. XX 660 


Ficure 5.—Human adenocarcinoma of the rectum, 14 days after subcutaneous im- 
plantation as a mince in the flank of an X-irradiated rat. Note characteristic 
morphology and many mitoses (arrows). X 280 


Ficure 6.—Another human adenocarcinoma of the rectum, 14 days after subcutaneous 
implantation as a mince in an X-irradiated rat. Arrows point to numerous mitoses. 
xX 330 
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PLATE 51 


PiGtre 7.— Metastatie human epidermoid carcinoma from neck area. Original tumor. 
180 

Picture 8.— Same tumor as in figure 7, 14 days after subcutaneous implantation as a 

suspension of minced tissue in an X-irradiated rat. Note extensive growth of the 

tumor and lack of reaction in the host stroma. 140 


Frieure %.—-Second generation of tumor (fig. 7) in N-irradiated rats. Transfer from 
growth of figure 8. X 180 


Ficgtre 10.—Transfer of tumor (fig. 8) to allantoic membrane of chick—7 days’ growth 
on membrane. Arrows labeled A point to blood vessels of chick with nucleated red 
cells. Plain arrows indicate mitoses. 220 


Figure 11.—Transfer of tumor (fig. 8) to tissue culture—17 days’ growth. 140 
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Discussion: Methods of Conditioning the Host 


Moderator: Dr. N. Kaliss, Roscoe B. Jackson Memorial Laboratory 


Dr. P. B. Mepawar, UNiversiry CoLteGe, Lonpon, ENGLAND: May I add two 
footnotes to Dr. Toolan’s able review of this most difficult problem of ‘‘conditioning 
the host’’? 

1) Dr. Billingham and I have repeated with great care the work by which Dr. Allen 
and his associates! purport to have demonstrated a “‘desensitization’’ of rabbits to 
skin homografts by repeated injections of extracts of donor skin. The work of these 
authors was incompletely controlled in the sense that a) they are not safeguarded from 
the claim that extracts of a rabbit’s own skin into itself would bring about a comparable 
increase of survival time, and b) that the injection of a solution containing phenol as a 
preservative might prolong survival as the nonspecific consequence of a stress reaction. 
In general, Dr. Billingham and I are unable to confirm their claim that survival of 
homografts is prolonged by the injection of skin extracts, though it may be achieved, 
irregularly, by the injection of phenol solutions. 

2) For completeness’ sake, I should like to add to Dr. Toolan’s account one naturally 
occurring example of the virtually complete “desensitization” to homografts of a 
normally reactive host: that of dizygotic twin cattle.23 Homografts of skin may be 
freely interchanged between the great majority of dizygotic cattle twin pairs, even 
when they are of unlike sex and of conspicuously different genotypes. Presumably 
this is the outcome of the foetal vascular anastomosis which leads on the one hand to 
the freemartin condition in the females of pairs of unlike sex, and on the other hand to 
the uniformity of red-cell antigens which Owen ‘ has shown to be the consequence of 
foetal cellular exchange. Indeed, dizygotic cattle twins are genetic chimeras at 
birth: they consist of (very unequal) mixtures of each other’s cells! We prefer, inci- 
dentally, to speak of “actively acquired tolerance’ rather than of ‘‘desensitization.” 
This is not mere pedantry, for the latter term conceals an immunologic hypothesis that 
may be inapplicable, while the former is merely descriptive. 

1 ALLEN, H. L., WituiaMs, R. D., Lovinaoop, C. G., and E.uison, E. H.: The effect of donor skin desensitiza- 
tion and ACTH on survival of skin homografts in rabbits. Ann. Surg. 135: 239-244, 1952. 

2 ANDERSON, D., BILLINGHAY, R. E., LAMPEIN, G. H., and Mepawak, P. B.: The use ofskin grafting to distin- 
guish between monozygotic and dizygotic twins in cattle. Heredity 5: 379-397, 1951. 

3 BILLINGHAY, R. E., LAMPEIN, G. H., Mepawar, P. B., and Witt1aMs, H. L.: Tolerance to homografts, twin 
diagnosis, and the freemartin condition in cattle. Heredity 6: 201-212, 1952. 


4OwEN, R. D.: Immunogenetic consequences of vascular anastomoses between bovine twins. Science 102: 
400-401, 1945. 
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